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4-METHYL-1-PENTENE POLYMER, RESIN
COMPOSITION CONTAINING
4-METHYL-1-PENTENE POLYMER,

MASTERBATCH THEREOEK, AND FORMED
PRODUCT THEREOFK

TECHNICAL FIELD

The present invention relates to a 4-methyl-1-pentene
polymer and a resin composition containing the 4-methyl-
1 -pentene polymer. More particularly, the present invention
relates to a resin composition containing a 4-methyl-1-
pentene polymer and a masterbatch for use 1n the production
of the 4-methyl-1-pentene polymer composition. The pres-
ent mvention also relates to a use of a film and the like
produced with the 4-methyl-1-pentene polymer.

The present invention also relates to a resin composition
that contains a 4-methyl-1-pentene polymer and a propylene
resin composition mainly composed of a propylene polymer,
and a formed product of the resin composition. More par-
ticularly, the present invention relates to a formed product
that 1s less sticky under various environments from room
temperature to high temperatures while maintaining high
flexibility and transparency.

The present mvention also relates to an olefin polymer
and, more particularly, to a new 4-methyl-1-pentene (co)
polymer that has a low molecular weight, a narrow molecu-
lar weight distribution, and a low proportion of a low-
molecular region 1n the molecular weight distribution.

BACKGROUND ART

Additive agents are oiten added to thermoplastic and
thermosetting resins to achieve the physical properties
required for formed products. For example, 1n formed prod-
ucts such as films, a saturated or unsaturated higher fatty
acid amide, a saturated or unsaturated alkylenebisamide, or
a fatty acid monoglyceride 1s added to provide surface
lubricity, and an morganic fine powder, for example, silica,
zeolite, talc, calcium carbonate, or diatomaceous earth 1s
added as an anti-blocking agent (hereinafter referred to as an
AB agent) to prevent blocking. The inorganic fine powder 1s
combined with the additive agent for providing surface
lubricity.

In order to provide surface lubricity, however, a large
amount of fatty acid amide must be added. In this case, 1n
extrusion molding of a pelletized resin, a fatty acid amide 1n
a resin has a lower melting point than the resin and therefore
melts faster than the resin in an extruder cylinder heated to
a high temperature, causing a phenomenon (called discharge
pulsation or surging) in which resin pellets still in a solid
state slip 1n the extruder and are not properly conveyed. A
fatty acid amide having a lower molecular weight than a
resin also causes problems of oi1ly smoke and malodor at
high temperatures. Furthermore, there 1s another problem of
bleedout of the additive agent in a formed product.

An 1increase 1n the amount of AB agent, such as silica,
added to a resin results 1n excessive bleeding of the AB agent
over time or 1n high-temperature environments, causing
deterioration in transparency. The amount of AB agent is
therefore within the bounds of not causing deterioration in
the transparency of a formed product. Thus, suflicient anti-
blocking effects have not been achieved.

Thus, there 1s a demand for a resin composition that can
solve these problems and has a high anti-blocking effect and
excellent mold releasability of a formed product.
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To obtain a pellet and a masterbatch by adding an additive
to thermoplastic resins or thermosetting resins involves
melt-kneading. The melt-kneading needs to be carried out
with viscosities of both the resins and the additive being
controlled so as to fall within a certain range and the
melt-kneading temperature maintained at not more than
temperature causing resin decomposition so as to ihibit the
resin decomposition.

However, it may be difficult to carry out the melt-
kneading the resins at temperature of not more than the
temperature causing resin decomposition. In particular,
some rubber resins having high adhesion, which are ther-
moplastic elastomers, may need to be kneaded at increased
pressure, kneaded for plural times or kneaded at high
temperature. The melt-kneading under such conditions may
lead to thermoplastic elastomers having deteriorated prop-
erties such as decreased molecular weight caused by the
resin decomposition. Thus, the addition of an additive to the
thermoplastic elastomers has made the equipment and tech-
nique necessary for the melt-kneading special, compared
with common thermoplastic resins. In addition, the difliculty
in the processing of thermoplastic elastomers having par-
ticularly high adhesion, 1.e., high adhesion and stickiness of
the thermoplastic elastomers to a metal roll and a mold,
makes kneading time longer and pollutes the mold, and thus
leads to problems associated with decreased efliciency of
production. Therefore, 1t has been desired to improve the
processing 1n adding an additive to thermoplastic elasto-
mers.

In recent years, propylene elastomers mainly composed of
propylene have been known as soft polyolefin materials that
are highly flexible, heat resistant, and transparent, as well as
highly environmentally suitable and hygienic (Patent Docu-
ments 4 and 5). Unlike conventional olefin elastomers, such
propylene elastomers have high transparency, heat resis-
tance (high softeming temperature), and scratch resistance
and are therefore imtended to broaden their product range to
a wide variety of uses, such as electric/electronic device
components, industrial materials, furniture, stationery, com-
modities and miscellaneous articles, containers and pack-
ages, toys, recreational equipment, and medical supplies.
However, the stickiness of a material sometimes causes
problems, thus limiting applications of the matenal.

Known methods for reducing the stickiness of matenals
involve the addition of slip agents (lubricants). For example,
Patent Document 6 specifically discloses a technique of
adding a higher fatty acid amide or a higher fatty acid ester
to a propylene elastomer.

However, such a slip agent (lubricant) sometimes
migrates to the surface of a product, causing a problem of
whitening. Another problem 1s that a higher fatty acid amide
or a higher fatty acid ester can be eluted 1nto an alcohol and
therefore cannot be used 1n products that are to be 1n contact
with the alcohol.

In order to avoid such problems, a known technique
involves the addition of a wax containing a low-molecular-
weight polyolefin. While such a wax 1s known to be a
polypropylene wax or a polyethylene wax, the effects of the
wax greatly depend on the compatibility between the wax
and a propylene elastomer. For example, because a polyeth-
ylene wax lacks compatibility with a propylene elastomer, a
product containing these components may have very low
transparency. On the other hand, because a polypropylene
wax has excellent compatibility with a propylene elastomer,
the wax component 1s not effectively localized 1n the vicinity
of the surface and 1s likely to produce mnsuflicient stickiness-
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reducing eflects. Thus, there 1s a demand for a wax having
moderate compatibility with a propylene elastomer.

Olefin polymers containing 4-methyl-1-pentene (herein-
after also referred to as 4-methyl-1-pentene polymers) have
been used as resins having high transparency, gas perme-
ability, chemical resistance, and releasability, as well as high
heat resistance, 1n various fields, such as medical devices,
heat-resistant wires, heat-proof dishes, and releasing mate-
rials. In particular, low-molecular-weight 4-methyl-1-pen-
tene polymers have excellent mold releasability.

In general, 4-methyl-1-pentene polymers are produced in
the presence of a catalyst composed of a transition metal
compound and an organic aluminum compound, that 1s, a
Ziegler catalyst (Patent Document 7). However, a polymer
produced in the presence of a Ziegler catalyst has a non-
uniform composition of a molecular weight of the polymer
and a high proportion of a low-molecular region in a
molecular weight distribution, possibly causing a problem of
stickiness.

In the meanwhile, a 4-methyl-1-pentene polymer pro-
duced i1n the presence of a metallocene catalyst has been
reported (Patent Document 8). The 4-methyl-1-pentene
polymer has a uniform molecular weight and composition
and also has a high molecular weight for the purpose of
improving the balance of various physical properties, for
example, thermal properties, such as heat resistance, and
dynamic properties.

A low-molecular-weight 4-methyl-1-pentene polymer can
be produced by the thermal decomposition of a high-
molecular-weight 4-methyl-1-pentene polymer (Patent
Document 9). However, such a low-molecular-weight
4-methyl-1-pentene polymer has a wide molecular weight
distribution and contains a component having low stereo-
regularity, thus causing problems of blocking and stickiness.

Thus, there 1s a demand for a 4-methyl-1-pentene polymer

having a low molecular weight and a uniform composition
of a molecular weight of the polymer.

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Application Publica-
tion No. 2005-307122

PTL 2: Japanese Examined Patent Application Publication
No. 8-26191

PTL 3: Japanese Unexamined Patent Application Publica-
tion No. 6-93250

PTL 4: Japanese Unexamined Patent Application Publica-
tion No. 09-309982

PTL 5: International Publication No. WO 2004/0877°75

PTL 6: Japanese Unexamined Patent Application Publica-
tion No. 2005-325194

PTL 7. Japanese Examined Patent Application Publication
No. 5-88250
PTL 8: International Publication No. WO 2005/121192

PTL 9: Japanese Examined Patent Application Publication
No. 3-76325

SUMMARY OF INVENTION

Technical Problem

It 1s an object of the present invention to provide a resin
composition with excellent mold releasability and blocking
resistance.
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It 1s another object of the present invention to provide a
formed product that 1s less sticky under various environ-
ments from room temperature to high temperatures without
significantly impairing the flexibility and transparency of a
propylene elastomer.

It 1s still another object of the present invention to provide
a thermoplastic elastomer composition which has excellent
shaping processability and releasability and 1s obtainable by
simplified melt-kneading with good production etliciency.

It 15 still another object of the present invention to provide
a thermoplastic elastomer composition which has excellent
mold releasability, adhesion controllability, good compat-
ibility, inhibited discoloration and high transparency while
retaining advantages of the thermoplastic elastomer.

It 1s still another object of the present invention to produce
a 4-methyl-1-pentene polymer having particular physical
properties to provide a new 4-methyl-1-pentene polymer
that has a low molecular weight, a narrow molecular weight

distribution, and a low proportion of a low-molecular region
in a molecular weight distribution.

Solution to Problem

The present mvention includes [1] to [25] described
below, for example.

[1] A resin composition containing a 4-methyl-1-pentene
polymer, comprising 0.01 to 10 parts by mass of a 4-methyl-
1 -pentene polymer (B-1) per 100 parts by mass of at least
one resin (A) selected from the group consisting of thermo-
plastic resins and thermosetting resins,

wherein the 4-methyl-1-pentene polymer (B-1) has

(B1) an intrinsic viscosity [n] of 0.01 or more but less
than 0.50 dl/g measured at 135° C. 1 a decalin solvent.

[2] A resin composition containing a 4-methyl-1-pentene
polymer, comprising 0.01 to 100 parts by mass of a
4-methyl-1-pentene polymer (B-2) per 100 parts by mass of
at least one resin (A) selected from the group consisting of
thermoplastic resins and thermosetting resins,

wherein the 4-methyl-1-pentene polymer (B-2) has

(B11) an intrinsic viscosity [n] of 0.01 or more but less
than 3.0 dl/g measured at 135° C. 1n a decalin solvent, and

(B6) satisfies the relationship expressed by the following
formula (I):

A=0.2x [N (D)

wherein A denotes the percentage (% by mass) of a
component having a polystyrene equivalent molecular
weight of 1,000 or less 1n the 4-methyl-1-pentene polymer
as measured by gel permeation chromatography (GPC), and
In] denotes the intrinsic viscosity (dl/g) of the 4-methyl-1-
pentene polymer measured in a decalin solvent at 135° C.

[3] The resin composition containing a 4-methyl-1-pen-
tene polymer according to [1] or [2].

wherein the 4-methyl-1-pentene polymer (B-1) or (B-2) 1s

(B2) a 4-methyl-1-pentene polymer having 50% to 100%
by weight of a constitutional unit derived from 4-methyl-1-
pentene and 0% to 50% by weight 1n total of constitutional
units dertved from at least one olefin selected from olefins
having 2 to 20 carbon atoms other than 4-methyl-1-pentene,
and has

(B3) a ratio (Mw/Mn) of weight-average molecular
weight (Mw) to number-average molecular weight (Mn) in
the range of 1.0 to 5.0 as measured by gel permeation
chromatography (GPC),

(B4) a melting point (Tm) 1n the range of 120° C. to 245°
C. as measured with a differential scanning calorimeter, and
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(B5) a cnitical surface tension in the range of 22 to 28
mN/m.

[4] The resin composition contaiming a 4-methyl-1-pen-
tene polymer according to [1], wherein the 4-methyl-1-
pentene polymer (B-1)

(B6) satisfies the relationship expressed by the following
formula (I):

A=0.2x[n]H> (1)

wherein A denotes the percentage (% by mass) of a
component having a polystyrene equivalent molecular
weight of 1,000 or less 1n the 4-methyl-1-pentene polymer
as measured by gel permeation chromatography (GPC), and
] denotes the intrinsic viscosity (dl/g) of the 4-methyl-1-
pentene polymer measured in a decalin solvent at 135° C.

[5] The resin composition containing a 4-methyl-1-pen-
tene polymer according to any one of [1] to [4],

wherein the 4-methyl-1-pentene polymer (B-1) or (B-2)
has

(B7) 0.001 to 0.5 terminal double bonds per 1000 carbon
atoms 1n the 4-methyl-1-pentene polymer as determined by
"H-NMR.

[6] The resin composition contaiming a 4-methyl-1-pen-
tene polymer according to any one of [1] to [3], wherein the
4-methyl-1-pentene polymer (B-1) or (B-2) 1s a 4-methyl-
1 -pentene polymer polymerized in the presence of a metal-
locene catalyst.

['7] The resin composition containing a 4-methyl-1-pen-
tene polymer according to any one of [1] to [6], wherein the
resin (A) 1s selected from the group consisting of polyolefin
resins, polycarbonate resins, thermoplastic polyester resins,
and polyamide resins.

[8] The resin composition contaiming a 4-methyl-1-pen-
tene polymer according to any one of [1] to [6], wherein the
resin (A) 1S an epoxy resin.

[9] The resin composition contaiming a 4-methyl-1-pen-
tene polymer according to any one of [1] to [6], wherein the
resin (A) 1s a resin having a melting point (ITm) of 200° C.
Or more.

[10] The resin composition containing a 4-methyl-1-
pentene polymer according to [7],

wherein the resin (A) 1s

a propylene resin composition (X) containing 60 to 100
parts by weight of a propylene polymer (A-1) and O to 40
parts by weight of a propylene polymer (A-2) (the total of
the (A-1) component and the (A-2) component 1s 100 parts
by weight),

the propylene polymer (A-1) has

(A-1-1) a Shore A hardness 1n the range of 20 to 94,

(A-1-2) a constitutional unit derived from propylene 1n
the range of 51% to 100% by mole, and

(A-1-3) a melting point less than 100° C. or no melting
point as measured by DSC, and

the propylene polymer (A-2) has

(A-2-1) a melting point of 100° C. or more but less than
1'75° C. as measured by DSC.

[11] The resin composition contaimng a 4-methyl-1-
pentene polymer according to [10],

wherein the propylene polymer (A-1) 1s

(A-1-4) a copolymer of propylene and ethylene, a copo-
lymer of propylene and an ¢.-olefin having 4 to 20 carbon
atoms, or a copolymer of propylene, ethylene, and an
a.-olefin having 4 to 20 carbon atoms, each containing 51%
to 90% by mole of a constitutional unit derived from
propylene, 0% to 49% by mole of a constitutional unit
derived from ethylene, and 0% to 49% by mole of a
constitutional unit dertved from an o-olefin having 4 to 20

10

15

20

25

30

35

40

45

50

55

60

65

6

carbon atoms (the total of the constitutional unit derived
from propylene, the constitutional unit derived from ethyl-
ene, and the constitutional unit derived from the c-olefin
having 4 to 20 carbon atoms 1s 100% by mole),
and has

(A-1-5) an 1sotactic triad fraction (mm) in the range of
85% to 99.9% as determined by "*C-NMR, and

the propylene polymer (A-2) has

(A-2-2) an 1sotactic pentad fraction (mmmm) 1n the range
of 90% to 99.8% as determined by ""C-NMR.

[12] The resin composition containing a 4-methyl-1-
pentene polymer according to [10] or [11],

wherein the propylene polymer (A-1) has

(A-1-6) a ratio (Mw/Mn) of weight-average molecular
weight (Mw) to number-average molecular weight (Mn) 1n
the range of 3.5 to 1.2 as measured by gel permeation
chromatography (GPC),

(A-1-7) a B value defined by the following equation in the
range of 0.8 to 1.3, and

|Equation 1]
b Mog (1D
C 2Mp - Mg

(wherein M, denotes the mole fraction of the total of a
chain of propylene and ethylene and a chain of an a.-olefin
having 4 or more carbon atoms and ethylene based on all the
dyads, M, denotes the total of the mole fractions of pro-
pvlene and an a-olefin having 4 or more carbon atoms based
on the whole composition of a propylene resin composition
(X), and M . denotes the mole fraction of ethylene based on
the whole composition of the propylene resin composition

(X))

(A-1-8) a glass transition temperature (1g) in the range of
—-10° C. to =50° C. as measured by DSC.

[13] The resin composition containing a 4-methyl-1-
pentene polymer according to any one of [10] to [12],
wherein the propylene resin composition (X) has

(X1) a Shore A hardness in the range of 20 to 94, and

(X2) a pressed sheet of the propylene resin composition
(X) having a thickness of 2 mm has an internal haze 1n the
range of 0.1% to 15% and a total light transmittance in the
range of 80% to 99.9%.

[14] The resin composition containing a 4-methyl-1-
pentene polymer according to [1], comprising 0.1 to 7 parts
by mass of the 4-methyl-1-pentene polymer (B) per 100
parts by mass of the resin (A).

[15] The resin composition containing a 4-methyl-1-
pentene polymer according to [2], comprising 0.01 to 50
parts by mass of the 4-methyl-1-pentene polymer (B) per
100 parts by mass of the resin (A).

[16] A masterbatch for use in the production of a
4-methyl-1-pentene polymer composition, comprising 1 to
900 parts by mass of a 4-methyl-1-pentene polymer (B-1)
per 100 parts by mass of at least one resin (A) selected from
the group consisting of thermoplastic resins and thermoset-
ting resins,

wherein the 4-methyl-1-pentene polymer (B-1) has

(B1) an intrinsic viscosity [n] of 0.01 or more but less
than 0.50 dl/g measured at 135° C. 1 a decalin solvent.

[17] A masterbatch for use in the production of a
4-methyl-1-pentene polymer composition, comprising 1 to
900 parts by mass of a 4-methyl-1-pentene polymer (B-2)
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per 100 parts by mass of at least one resin (A) selected from
the group consisting of thermoplastic resins and thermoset-
ting resins,

wherein the 4-methyl-1-pentene polymer (B-2) has

(B11) an intrinsic viscosity [n] of 0.01 or more but less
than 3.0 dl/g measured at 135° C. 1n a decalin solvent.

[18] A formed product, comprising a resin composition
containing a 4-methyl-1-pentene polymer according to any
one of [1] to [15].

[19] The formed product according to [18], wherein the
resin composition containing a 4-methyl-1-pentene polymer
experienced a shear and/or uniaxial, biaxial, or planar elon-
gational flow in a molten state.

[20] A film comprising a formed product according to
[19].

[21] A multilayer film, comprising a film according to [20]
and an adhesive layer.

[22] A 4-methyl-1-pentene polymer, comprising

(B2) 50% to 100% by weight of a constitutional unit
derived from 4-methyl-1-pentene and 0% to 50% by weight
in total of constitutional units derived from at least one olefin
selected from olefins having 2 to 20 carbon atoms other than
4-methyl-1-pentene,

wherein the 4-methyl-1-pentene polymer has

(B1) an intrinsic viscosity [n] of 0.01 or more but less
than 0.50 dl/g measured at 135° C. 1n a decalin solvent, and

(B3) a ratio (Mw/Mn) of weight-average molecular
weight (Mw) to number-average molecular weight (Mn) 1n
the range of 1.0 to 5.0 as measured by gel permeation
chromatography (GPC), and

(B6) satisfies the relationship expressed by the following
formula (I):

A=0.2x[n] > (D)

wherein A denotes the percentage (% by mass) of a
component having a polystyrene equivalent molecular
weight of 1,000 or less in the 4-methyl-1-pentene polymer
as measured by gel permeation chromatography (GPC), and
[11] denotes the intrinsic viscosity (dl/g) of the 4-methyl-
1 -pentene polymer measured 1n a decalin solvent at 135° C.

[23] The 4-methyl-1-pentene polymer according to [22]

wherein the 4-methyl-1-pentene polymer has

(B7) 0.001 to 0.5 terminal double bonds per 1000 carbon

atoms 1n the 4-methyl-1-pentene polymer as determined by
'H-NMR.

[24] The 4-methyl-1-pentene polymer according to [22]
or [23], wherein polymerization 1s performed 1n the presence
of a metallocene catalyst.

[25] The 4-methyl-1-pentene polymer according to any
one of [22] to [24], wherein the 4-methyl-1-pentene polymer
comprises 60% to 100% by weight of a constitutional unit
derived from 4-methyl-1-pentene and 0% to 40% by weight
in total of constitutional units derived from at least one olefin
selected from olefins having 2 to 20 carbon atoms other than
4-methyl-1-pentene.

[26] The resin composition according to [1] to [6],
wherein the thermoplastic resins are thermoplastic elastomer

(A

Advantageous Effects of Invention

A resin composition contaimng a 4-methyl-1-pentene
polymer according to the present invention has excellent
mold releasability and blocking resistance. For example, a
resin composition containing a 4-methyl-1-pentene polymer
according to the present invention exhibits excellent mold
releasability 1n the formation of films and bottles.
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A 4-methyl-1-pentene polymer 1s more compatible with a
base material than fatty acid amides are and has a higher

molecular weight than fatty acid amides. A 4-methyl-1-
pentene polymer therefore rarely causes bleeding over time.
A 4-methyl-1-pentene polymer has a high melting point and
melts slowly 1n a forming machine. Resin pellets therefore
do not slip and rarely cause surging in a forming machine.
Like general polyolefin skeletons, a 4-methyl-1-pentene
polymer contains no heteroatom. Unlike conventional fatty
acid amides, therefore, there 1s no particular problem of
malodor or smoke. A 4-methyl-1-pentene polymer skeleton
1s transparent and 1s thought to rarely cause deterioration 1n
the transparency of a formed product.

In the case of a propylene resin composition containing a
4-methyl-1-pentene polymer, a formed product can be less
sticky under various environments from room temperature
to high temperatures while maintaining high tlexibility and
transparency.

A formed product of a propylene resin composition con-
tamning a 4-methyl-1-pentene polymer, i which the
4-methyl-1-pentene polymer 1s mixed with the propylene
resin composition, not only has the advantages of a poly-
propylene elastomer, such as high transparency, scratch
resistance, whitening resistance, and heat resistance, but also
1s not sticky at high temperatures. Thus, the formed product
can be used under a wide variety of temperature conditions.

In the case of a thermoplastic elastomer composition
containing a 4-methyl-1-pentene polymer, the thermoplastic
clastomer composition can have excellent shaping process-
ability and releasability and be obtained by simplified melt-
kneading. The thermoplastic elastomer composition, while
retaining the advantages of the resin, has excellent mold
releasability and adhesion controllability, inhibited decom-
position of the thermoplastic elastomer, good compatibility,
inhibited discoloration and high transparency. Moreover,
reduced torque i1n kneading and decreased stickiness to
kneading equipment can shorten energy and time necessary
for kneading, and theretore it 1s possible to reduce CO, and
improve production efliciency. Furthermore, the stickiness
can be controlled by adjusting the amount and type of the
4-methyl-1-pentene copolymer contained in the thermoplas-
tic elastomer composition.

A 4-methyl-1-pentene polymer according to the present
invention has excellent mold releasability as a resin modi-
fier. A 4-methyl-1-pentene polymer itself has high blocking
resistance.

DESCRIPTION OF EMBODIMENTS

A first aspect of the present invention 1s

a resin composition containing a 4-methyl-1-pentene
polymer, comprising 0.01 to 10 parts by mass of a 4-methyl-
1-pentene polymer (B-1) per 100 parts by mass of at least
one resin (A) selected from the group consisting of thermo-
plastic resins and thermosetting resins,

wherein the 4-methyl-1-pentene polymer (B-1) has

(B1) an intrinsic viscosity [n] of 0.01 or more but less
than 0.50 dl/g measured at 135° C. 1 a decalin solvent.

A second aspect of the present invention 1s

a resin composition containing a 4-methyl-1-pentene
polymer, comprising 0.01 to 100 parts by mass of a
4-methyl-1-pentene polymer (B-2) per 100 parts by mass of
at least one resin (A) selected from the group consisting of
thermoplastic resins and thermosetting resins,

wherein the 4-methyl-1-pentene polymer (B-2) has

(B11) an intrinsic viscosity [11] of 0.01 or more but less
than 3.0 dl/g measured at 135° C. 1n a decalin solvent, and
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(B6) satisfies the relationship expressed by the following
formula (I):

A=0.2x[n]> (1)

wherein A denotes the percentage (% by mass) of a
component having a polystyrene equivalent molecular
weight of 1,000 or less in the 4-methyl-1-pentene polymer
as measured by gel permeation chromatography (GPC), and
[11] denotes the intrinsic viscosity (dl/g) of the 4-methyl-
1 -pentene polymer measured 1n a decalin solvent at 135° C.

A third aspect of the present invention 1s

a 4-methyl-1-pentene polymer comprising 50% to 100%
by weight of a constitutional unit dertved from 4-methyl-1-
pentene and 0% to 50% by weight 1n total of constitutional
units derived from at least one olefin selected from olefins
having 2 to 20 carbon atoms other than 4-methyl-1-pentene,

wherein the 4-methyl-1-pentene polymer has

(B1) an intrinsic viscosity [1] o1 0.01 or more but less than
0.50 dl/g measured at 135° C. 1n a decalin solvent, and

(B3) a ratio (Mw/Mn) of weight-average molecular
weight (Mw) to number-average molecular weight (Mn) in
the range of 1.0 to 5.0 as measured by gel permeation
chromatography (GPC), and

(B6) satisfies the relationship expressed by the following
formula (I):

A=0.2x[M]> (1)

wherein A denotes the percentage (% by mass) of a
component having a polystyrene equivalent molecular
weight of 1,000 or less 1n the 4-methyl-1-pentene polymer
as measured by gel permeation chromatography (GPC), and
[11] denotes the intrinsic viscosity (dl/g) of the 4-methyl-
1 -pentene polymer measured 1n a decalin solvent at 135° C.

1. First Aspect of the Present Invention

A first aspect of the present invention will be described

below.
(A) Resins
Thermoplastic Resins and Thermosetting Resins

Examples of the thermoplastic resins and thermosetting,
resins used as the resin (A) 1n the present invention include,
but are not limited to, the following resins.

A thermoplastic resin for use in the present mmvention
includes a later-described thermoplastic elastomer (A)'. A
thermoplastic resin other than the thermoplastic elastomer
(A), although the following resins include those partially
containing the resin which 1s mcluded also 1n the thermo-
plastic elastomer (A)', 1s selected from the group consisting,
of polyolefin resins (other than 4-methyl-1-pentene poly-
mers (the same shall apply hereinafter)), polycarbonate
resins, thermoplastic polyester resins, ABS resins, polyac-
ctal resins, polyamide resins, poly(phenylene oxide) resins,
and polyimide resins. A thermosetting resin for use in the
present invention 1s selected from the group consisting of
epoxXy resins, thermosetting unsaturated polyester resins,
and phenolic resins. A composition according to the present
invention contains at least one resin selected from the group
consisting of the thermoplastic resins and the thermosetting
resins. In other words, a composition according to the
present invention can contain one of the thermoplastic resins
and the thermosetting resins or can contain a combination
thereof.

These resins may be any known resins and are appropri-
ately selected 1 accordance with the use and the composi-
tion, the molecular weight, and the like of a 4-methyl-1-
pentene polymer described below.
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The definitions and the production methods of the ther-
moplastic resins and the thermosetting resins are well known
and are described in publications, such as “Jituyo Purasu-
chukku Jiten™ (edited by Jituyo Purasuchikku Jiten Hensyu
Iinkai1, Industrial Research Center of Japan, Inc.) and “Pura-
suchikku Seike1 Zairyo Syotorihiki Binran” (1ssued by The
Chemical Daily Co., Ltd., fiscal 2008).

Preferably, the thermoplastic or thermosetting resin 1s a
resin having a small density difference from a 4-methyl-1-
pentene polymer. A small density difference between the
thermoplastic or thermosetting resin and a 4-methyl-1-pen-
tene polymer results in excellent dispersion of the 4-methyl-
1-pentene polymer 1in the thermoplastic or thermosetting
resin, leading to a resin composition having excellent trans-
parency and mold releasability.

More specifically, the density difference between the resin
(A) and a 4-methyl-1-pentene polymer preferably ranges
from 0 to 1500 kg/m”, more preferably 1 to 600 kg/m>, still
more preferably 5 to 400 kg/m>, still more preferably 10 to
150 kg/m>, particularly preferably 10 to 100 kg/m’.
Examples of a preferred specific combination include a
combination of a polypropylene resin and a 4-methyl-1-
pentene polymer.

Among these, the thermoplastic or thermosetting resin 1s
preferably a polyolefin resin, a polycarbonate resin, a ther-
moplastic polyester resin, or a polyamide resin, particularly
preferably a polyolefin resin. These resins are exemplified
below.

The resins (1) to (8) exemplified below are thermoplastic
resins. The thermoplastic resins of the invention also include
the thermoplastic elastomer (A)', which collectively refers to
a thermoplastic resin having elasticity.

(1) Polyolefin Resins

Polyolefin resins (other than 4-methyl-1-pentene poly-
mers (the same shall apply hereinafter)) for use in the
present invention are not particularly limited and may be
conventionally known polyolefin resins. Specific examples
include polyethylene resins, such as low-density polyethyl-
enes and high-density polyethylenes, polypropylene resins,
polyethylene terephthalate) resins, poly(vinyl chloride) res-
ins (chlormated polyolefins), ethylene vinyl acetate copoly-
mers, ethylene methacrylic acid acrylate copolymers and
cyclic olefin polymers. Among these, low-density polyeth-
ylenes, high-density polyethylenes, and polypropylene res-
ins are preferably used. As described above, polypropylene
resins having a small density difference from a 4-methyl-1-
pentene polymer are more preferably used. Examples of the
polypropylene resins 1nclude propylene resin compositions
described below.

(1-1) Propylene Resin Compositions

Among the (1) olefin resins described above, a preferred
olefin resin 1s a propylene resin composition (X) that con-
tains 60 to 100 parts by weight of a propylene polymer (A-1)
and O to 40 parts by weight of a propylene polymer (A-2)
having a melting point of 100° C. or more but less than 175°
C. as measured by DSC (the total of the (A-1) component
and the (A-2) component 1s 100 parts by weight).
Propylene Polymer (A-1)

The propylene polymer (A-1) in the present invention
preferably complies with the following (A-1-1) to (A-1-3).

(A-1-1) The Shore A hardness ranges from 20 to 94,
preferably 25 to 90, more preferably 25 to 83.

(A-1-2) A constitutional unit derived from propylene
ranges from 51% to 100% by mole, preferably 51% to 90%
by mole, more preferably 60% to 80% by mole.

(A-1-3) The melting point measured by DSC 1s less than
100° C. or 1s not observed. Preferably, the melting point
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measured by DSC 1s less than 90° C. or 1s not observed.
More pretferably, the melting point measured by DSC 1s less
than 80° C. or 1s not observed.

Satistying these physical properties can provide a propyl-
ene resin composition (X) having excellent tlexibility, heat
resistance, transparency, and low-temperature characteris-
tics (a low glass transition temperature).

The propylene polymer (A-1) that satisfies the physical
properties described above may have any molecular struc-
ture (three-dimensional structure) and, more specifically,
may have an isotactic structure, a syndiotactic structure, or
an atactic structure. In particular, the 1sotactic structure 1s
preferred 1 terms of excellent formability (a high solidifi-
cation rate), mechanical strength, or heat resistance.

In general, a propylene polymer (A-1) that complies with
the requirements (A-1-1) to (A-1-3) described above can be
produced by (1) selecting a catalyst to reduce the molecular
structure regularity (stereoregularity) of the propylene poly-
mer (A-1) or (2) copolymerizing propylene with a comono-
mer other than propylene. A propylene polymer (A-1) hav-
ing an 1sotactic structure should be produced by the method

(2).

The propylene polymer (A-1) 1n the present mvention 1s
preferably a copolymer of propylene and ethylene, a copo-
lymer of propylene and a.-olefin, or a copolymer of propyl-
ene, ethylene, and a-olefin. More specifically, the propylene
polymer (A-1) preferably complies with the following
requirements (A-1-4) and (A-1-5).

(A-1-4) A copolymer of propylene and ethylene, a copo-
lymer of propylene and an c.-olefin having 4 to 20 carbon
atoms, or a copolymer of propylene, ethylene, and an
a.-olefin having 4 to 20 carbon atoms, each containing 51%
to 90% by mole of a constitutional unit derived from
propylene, 0% to 49% by mole of a constitutional unit
derived from ethylene, and 0% to 49% by mole of a
constitutional unit dertved from an o-olefin having 4 to 20
carbon atoms (the total of the constitutional unit derived
from propylene, the constitutional unit derived from ethyl-
ene, and the constitutional unit derived from the c-olefin
having 4 to 20 carbon atoms 1s 100% by mole).

Preferably, a copolymer of propylene, ethylene, and an
a.-olefin having 4 to 20 carbon atoms that contains prefer-
ably 51% to 90% by mole, more preterably 60% to 89% by
mole, still more preferably 62% to 88% by mole, of a
constitutional unit derived from propylene, preferably 7% to
24% by mole, more preferably 8% to 20% by mole, still
more preferably 8% to 18% by mole, of a constitutional unit
derived from ethylene, and preferably 3% to 25% by mole,
more preferably 3% to 20% by mole, still more preferably
4% to 20% by mole, of a constitutional unit derived from an
a-olefin having 4 to 20 carbon atoms (the total of the
constitutional unit derived from propylene, the constitu-
tional unit derived from ethylene, and the constitutional unait
derived from an a-olefin having 4 to 20 carbon atoms 1is
100% by mole).

(A-1-5) An 1sotactic triad fraction (mm) in the range of
85% to 99.9%, preferably 87% to 99.8%, as determined by
PC-NMR.

The propylene polymer (A-1) in the present mmvention
particularly preferably complies with the following (A-1-6)
to (A-1-8).

(A-1-6) The ratio (Mw/Mn) of weight-average molecular
weight (Mw) to number-average molecular weight (Mn)
ranges from 3.5 to 1.2, preferably 3.0 to 1.4, more preferably
2.6 to 1.6, as measured by gel permeation chromatography
(GPC).
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A propylene polymer (A-1) having a molecular weight
distribution within the range described above 1s preferred 1n
terms ol low stickiness due to a small amount of low

molecular weight components.
(A-1-7) A B value defined by the following equation

ranges from 0.8 to 1.3, preferably 0.9 to 1.2, more preferably
0.9 to 1.1.

|Equation 2]
. Mog (1)
 2My - Mg

wherein M. denotes the mole fraction of the total of a
chain of propylene and ethylene and a chain of an a.-olefin
having 4 or more carbon atoms and ethylene based on all the
dyads, M, denotes the total of the mole fractions of pro-
pylene and an a-olefin having 4 or more carbon atoms based
on the whole composition of a propylene resin composition
(X), and M .. denotes the mole fraction of ethylene based on
the whole composition of the propylene resin composition
(X).

A propylene polymer (A-1) having a B value within the
range described above 1s preferred 1n terms of excellent
compatibility with a propylene polymer (A-2) described
below. A B value above the range described above 1s
indicative of a molecular primary structure similar to an
alternating copolymer 1 which the monomers (propylene,
cthylene, and a-olefin having 4 to 20 carbon atoms) are
alternately bonded to one another. Such a propylene polymer
(A-1) has poor compatibility with the propylene polymer
(A-2). A B value below the range described above 1s
indicative of a molecular primary structure similar to a block
copolymer in which each of the monomers 1s closely spaced.
In this case, the propylene polymer (A-1) also has poor
compatibility with the propylene polymer (A-2).

(A-1-8) The glass transition temperature (Tg) ranges from
-10° C. to -50° C., preferably -15° C. to -40° C., as
measured by DSC.

This means that a propylene polymer (A-1) having a glass
transition temperature (1g) within the range described above
has high stereoregularity (a little inversion), a narrow com-
position distribution, and a uniform molecular structure.
This also improves the low-temperature characteristics of
the propylene resin composition (X) in the present invention
and 1s therefore very preferable.

The propylene polymer (A-1) in the present invention
preferably further complies with the following (A-1-9).

(A-1-9) The melt tlow rate (MFR) (ASTM D1238, 230°
C. under a load of 2.16 kg) preferably ranges from 0.01 to
200 g/10 minutes, more preferably 0.05 to 100 g/10 minutes,
still more preferably 0.1 to 50 g/10 minutes.

A MFR within this range results 1n an improvement 1n the
strength and 1mpact resistance of the propylene resin com-
position (X) 1n the present invention or an improvement in
formability in the processing of the propylene resin com-
position (X).

The propylene polymer (A-1) in the present invention can
be produced by any method. The propylene polymer (A-1)
can be produced by the polymerization of propylene or the
copolymerization of propylene, ethylene, and/or another
a.-olefin 1n the presence of a known catalyst with which an
olefin can be stereospecifically polymerized 1n an 1sotactic
or syndiotactic structure, for example, a catalyst mainly
composed of a solid titanium component and an organome-
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tallic compound or a metallocene catalyst that contains a
metallocene compound as one component of the catalyst. A
propylene polymer (A-1) according to a particularly pre-
ferred embodiment that complies with the requirements
(A-1-4) to (A-1-8) can be produced by the copolymerization
of propylene, ethylene, and o-olefin having 4 to 20 carbon
atoms 1n the presence of a metallocene catalyst. Examples of
the metallocene catalyst include catalysts described 1n Inter-
national Publication WO 2004-087775, for example, cata-
lysts described in Examples el to e3.

A propylene polymer (A-1) within the ranges described
above has a particular comonomer composition and high
stereoregularity and therefore exhibits excellent low-tem-
perature characteristics (a low glass transition temperature)
and high breaking strength. The propylene polymer (A-1)
also has improved compatibility with the propylene polymer
(A-2). Thus, the propylene resin composition (X) containing
the propylene polymer (A-1) has improved transparency.
Propylene Polymer (A-2):

Examples of the propylene polymer (A-2) 1n the present
invention mclude a propylene homopolymer or copolymers
of propylene and at least one a.-olefin having 2 to 20 carbon
atoms, 1ncluding ethylene but excluding propylene.
Examples of a-olefins having 2 to 20 carbon atoms other
than propylene include ethylene, 1-butene, 1-pentene,
1-hexene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dode-
cene, 1-tetradecene, 1-hexadecene, 1-octadecene, and 1-ei-
cosene. Preferred a-olefins are ethylene and oa-olefins hav-
ing 4 to 10 carbon atoms.

Specific embodiments of the propylene polymer (A-2)
include the following polymers. A homopolypropylene hav-
ing high heat resistance (1n general, a known homopolypro-
pylene contaiming less than 3% by mole of a copolymeriza-
tion component of a-olefin having 2 to 20 carbon atoms,
including ethylene but excluding propylene), a block poly-
propylene having an excellent balance between heat resis-
tance and flexibility (in general, a known block polypropyl-
ene containing 3% to 35% by weight of a n-decane-eluted
rubber component), or a tlexible transparent random poly-
propylene (in general, a known random polypropylene con-
taining 3% by mole or more but less than 20% by mole,
preferably 3% by mole or more but less than 10% by mole,
of a copolymerization component of o.-olefin having 2 to 20
carbon atoms, including ethylene but excluding propylene)
can be selected for each purpose. If necessary, a plurality of
propylene polymers (A-2) can be used 1n combination. For
example, at least two components having different melting
points or rigidity (for example, a random polypropylene and
a homopolypropylene) may be used.

The propylene polymer (A-2) in the present mmvention
preferably complies with the following (A-2-1).

(A-2-1) The propylene polymer (A-2) in the present
invention preferably has a melting point of 100° C. or more
but less than 175° C., more preferably in the range of 115°
C. to 170° C., still more preferably 130° C. to 170° C., as
measured by DSC.

The propylene polymer (A-2) in the present invention
preferably complies with the following (A-2-2).

(A-2-2) The propylene polymer (A-2) in the present
invention may have an isotactic structure or a syndiotactic
structure and particularly preferably has an 1sotactic struc-

ture having an 1sotactic pentad fraction (mmmm) 1n the
range ol 90% to 99.8%, preferably 93% to 99.7%, more

preferably 95% to 99.6%.

Use of such a propylene polymer (A-2) i1s preferred
because the propylene polymer (A-2) 1s highly compatible
with the propylene-ethylene copolymer, the propylene-a.-
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olefin copolymer, or the propylene-ethylene-a-olefin copo-
lymer that complies with the requirements (A-1-1) to (A-1-
5) or (A-1-1) to (A-1-8) described above as a preferred
embodiment of the propylene polymer (A-1) and therefore
the propylene resin composition (X) has excellent physical
properties.

The propylene polymer (A-2) in the present invention
more preferably complies with the following (A-2-3).

(A-2-3) The melt tlow rate (MFR) (ASTM D1238, 230°
C. under a load of 2.16 kg) of the propylene polymer (A-2)
in the present invention 1s not particularly limited and
preferably ranges from 0.01 to 1000 g/10 minutes, more
preferably 0.05 to 400 g/10 minutes, still more preferably
0.1 to 100 g/10 minutes.

The propylene polymer (A-2) in the present invention can
be produced by any method, including known methods, for
example, by the polymerization of propylene or the copo-
lymerization of propylene and another o-olefin using a
Ziegler catalyst or a metallocene catalyst. The Ziegler cata-
lyst contains a solid catalyst component containing magne-
sium, titantum, halogen, and an electron donor as essential
components, an organic aluminum compound, and an elec-
tron donor. The metallocene catalyst contains a metallocene
compound as one component of the catalyst.

Propylene Resin Composition (X):

The propylene resin composition (X) for use in the
present invention contains the propylene polymer (A-1)
alone or a mixture of the propylene polymer (A-1) and the
propylene polymer (A-2).

The propylene polymer (A-2) in the propylene resin
composition (X) can improve physical properties, such as
mechanical properties and heat resistance, of the propylene
resin composition (X). When the propylene resin composi-
tion (X) according to the present invention 1s applied to uses
that require heat resistance, the inclusion of the propylene
polymer (A-2) 1s very eflective and preferred.

The propylene resin composition (X) preferably contains
60 to 100 parts by weight, more preferably 70 to 97 parts by
weight, still more preferably 75 to 95 parts by weight, of the
propylene polymer (A-1) and preterably 0 to 40 parts by
weight, more preferably 3 to 30 parts by weight, still more
preferably 5 to 25 parts by weight, of the propylene polymer
(A-2) (the total of the (A-1) component and the (A-2)
component 1s 100 parts by weight).

The propylene resin composition (X) for use 1 the
present invention can be produced by any method, for
example, by producing the propylene polymer (A-1) and the
propylene polymer (A-2) simultaneously or successively to
produce the composition, by mixing the propylene polymer
(A-1) and the propylene polymer (A-2) each independently
produced, or by first producing one of the propylene poly-
mer (A-1) and the propylene polymer (A-2) and then adding
the first product in the subsequent process of producing the
other of the propylene polymer (A-1) and the propylene
polymer (A-2).

The propylene resin composition (X) 1n the present inven-
tion may contain another polymer as an optional component
without compromising the objects of the present invention.
The amount of the optional polymer 1s preferably, but not
limited to, 1n the range of approximately 0.1 to 30 parts by
weight per 100 parts by weight of the propylene resin
composition (X) in the present invention.

Preferably, the optional polymer 1s an ethylene polymer or
copolymer mainly composed of ethylene (51% by mole or
more). The ethylene polymer or copolymer improves the
flexibility and the low-temperature characteristics of the
propylene resin composition (X).
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According to one embodiment of the present invention,
the propylene resin composition (X) consists of the propyl-
ene polymer (A-1) and the propylene polymer (A-2) as the
polymer components without another elastomer or resin.
Such a propylene resin composition (X) has high transpar-
ency.

If necessary, the propylene resin composition (X) 1n the
present mvention may contain an additive agent, such as a
weathering stabilizer, a heat stabilizer, an antistatic agent, an
anti-slip agent, an anfti-blocking agent, an anti-fogging
agent, a nucleating agent, a lubricant, a pigment, a dye, a
plasticizer, an age resister, a hydrochloric acid absorbent, an
antioxidant, and/or a copper inhibitor, without compromis-
ing the objects of the present invention.

The propylene resin composition (X) 1n the present inven-
tion may be graft-modified with a polar monomer. More
specifically, this means that at least one or both of the
propylene polymer (A-1) and the propylene polymer (A-2)
of the propylene resin composition (X) are graft-modified
with a polar monomer.

The propylene resin composition (X) in the present inven-
tion preferably has the following physical properties (X1)
and (X2).

(X1) The Shore A hardness ranges from 20 to 94, prei-
erably 25 to 90, more preferably 25 to 85.

(X2) A pressed sheet having a thickness of 2 mm has an
internal haze in the range of 0.1% to 15% and a total light
transmittance in the range of 80% to 99.9%, preferably an
internal haze in the range of 0.1% to 10% and a total light
transmittance 1n the range of 85% to 99.9%.

When the physical properties of the propylene resin
composition (X) in the present mvention comply with (X1)
and (X2), the resulting formed product suitably has high
flexibility and transparency.

The propylene resin composition (X) for use in the
present invention more preferably has the following physical
property (X3).

(X3) The melt flow rate (MFR) (ASTM D1238, 230° C.
under a load of 2.16 kg) 1s, but not limited to, 1n the range
of 0.01 to 1000 g/10 minutes, preferably 0.05 to 400 g/10
minutes, more preferably 0.1 to 100 g/10 minutes.

(2) Polycarbonate Resins

Polycarbonate resins for use in the present invention are
not particularly limited and may be conventionally known
polycarbonate resins.

Typically, polycarbonate resins are produced by a reaction
between an aromatic diol (for example, bisphenol A) and
phosgene. Preferably, the polycarbonate resin in the present
invention 1s diethylene glycol diallyl carbonate.

Such polycarbonate resins are commercially available and
include NOVAREX (trade name, Mitsubishi Chemical Co.),
Panlite (trade name, Tejin Chemicals Ltd.), and Lexan
(trade name, GE Plastics Japan Ltd.), which are preferably
used 1n the present invention.

(3) Thermoplastic Polyester Resins

Thermoplastic polyester resins for use in the present
invention are not particularly limited and may be conven-
tionally known thermoplastic polyester resins.

Typically, thermoplastic polyester resins are produced by
the polycondensation of a dicarboxylic acid and a diol. In the
present invention, polyethylene terephthalate), poly(buty-
lene terephthalate), polyethylene-2,6-naphthalene dicar-
boxylate, and poly(cyclohexane terephthalate) are prefer-
ably used.

Such thermoplastic polyester resins are commercially
available and include Rynite (trade name, DuPont Japan
Ltd.), which can preferably be used 1n the present invention.
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(4) ABS Resins

ABS resins for use in the present invention are not
particularly limited and may be conventionally known ABS
resins.

Typically, ABS resins are impact-resistant resins pro-
duced by graft polymerization between polybutadiene and
acrylonitrile and styrene. In the present invention, prefer-
ably, the polybutadiene component ranges from 5% to 40%
by weight, and the weight ratio (styrene/acrylonitrile) of the

styrene component to the acrylonitrile component ranges
from 70/30 to 80/20.

Such ABS resins are commercially available and include
Stylac (trade name, Asahi1 Kasei1 Co.) and Cyclolac (trade
name, Ube Cyclon, Ltd.), which can preferably be used in
the present mnvention.

(5) Polyacetal Resins

Polyacetal resins for use in the present invention are not
particularly limited and may be conventionally known poly-
acetal resins.

Typically, polyacetal resins are produced by the ring-
opening polymerization of formalin or trioxane and, 1f
desired, ethylene oxide 1n the presence of a cationic catalyst
and have a polyoxymethylene chain as a main skeleton.
Preferably, the polyacetal resin 1n the present mnvention 1s a
copolymer-type polyacetal resin.

Such polyacetal resins are commercially available and
include Iupital (trade name, Mitsubishi Engineering-Plastics
Co.), which can preferably be used 1n the present invention.
(6) Polyamide Resins

Polyamide resins for use in the present mvention are not
particularly limited and may be conventionally known poly-
amide resins.

Typically, polyamide resins can be produced by the poly-
condensation of a diamine and a dicarboxylic acid or the
ring-opening polymerization of caprolactam. Preferably, the
polyamide resin 1n the present invention 1s a polyconden-
sation product between an aliphatic diamine and an aliphatic
or aromatic dicarboxylic acid.

Such polyamide resins are commercially available and
include Leona (trade name, Asahi1 Kaser Co.), Zytel (trade
name, DuPont Japan Ltd.), and Amilan CM1041LO (trade
name, Toray Industries, Inc.), which can preferably be used
in the present ivention.

(7) Poly(Phenylene Oxide) Resins

Poly(phenylene oxide) resins for use 1n the present mnven-
tion are not particularly limited and may be conventionally
known poly(phenylene oxide) resins.

Typically, poly(phenylene oxide) resins are produced by
the oxidative coupling of 2,6-dimethylphenol 1n the pres-
ence ol a copper catalyst. Modified poly(phenylene oxide)
resins produced, for example, by blending a poly(phenylene
oxide) resin with another resin may also be used in the
present mvention.

Preferably, the poly(phenylene oxide) resin in the present
invention 1s a blend-modified product of a styrene polymer.

Such poly(phenylene oxide) resins are commercially
available and include Xyron (trade name, Asahi Kase1 Co.)
and Iupiace (trade name, Mitsubishi Engineering-Plastics
Co.), which can preferably be used 1n the present invention.
(8) Polyimide Resins

Polyimide resins for use 1n the present invention are not
particularly limited and may be conventionally known poly-
imide resins.

Typically, polyimide resins are produced by the polycon-
densation of a tetracarboxylic acid and a diamine, which
produces an 1mide bond 1n the main skeleton. In the present
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invention, polyimide resins are preferably produced from a
pyromellitic dianhydride and a diaminodiphenyl ether.

Such polyimide resins are commercially available and
include Vespel (trade name, DuPont Japan Ltd.), which can
preferably be used 1n the present invention.

Thermoplastic Elastomer (A)'

Thermoplastic elastomer (A)' for use 1n the present inven-
tion 1s not particularly limited and known thermoplastic
clastomers can be used. Examples thereol include olefin-
based rubbers, styrene butadiene rubbers, butadiene rubbers,
urethane rubbers, acrylic rubbers, nitrile rubbers, fluororub-
bers, silicone rubbers, chloroprene rubbers, polysulfide rub-
bers, epichlorohydrin rubbers and natural rubbers. To be
specific, the olefin-based rubbers are preferably contained.
Examples of the olefin rubbers include butyl-based rubbers
and ethylene propylene rubbers. The definition and produc-
tion method thereof are known and are described in publi-
cations such as “Jituyo Purasuchikku Jiten” (edited by Jituyo
Purasuchikku Jiten Hensyu Iinkai, Industrial Research Cen-
ter ol Japan, Inc.) and “Properties and processing of rub-
bers” (Kobunshi Kogaku Koza (Polymer Engineering
Course), edited by Society of Polymer Science, Japan,
published by Chijin Shokan Co., Ltd.). The composition of
the invention using these thermoplastic elastomers can be
used, for example for automobile and aircrait materials such
as tires, hoses and tubes and insulating materials such as
wire coating.

The thermoplastic elastomers (A)' can be used singly or in
combination of two or more kinds.

Butyl-based rubbers and polyisobutylenes, which are
preferable examples of the thermoplastic elastomers (A)' in
the 1nvention, are described 1n detail hereinafter.

The butyl-based rubbers, which are the thermoplastic
clastomers (A)', are not particularly limited and known butyl
rubbers can be used, with polyisobutylenes and butyl rub-
bers being preferable examples. The polyisobutylenes are
viscous polymers obtainable by polymerizing 1sobutylenes,
a butane-butene fraction obtamned when butadiene 1s
removed from a C-4 fraction commonly obtainable in indus-
trial naphtha cracking, or a mixture thereof. The butyl
rubbers are obtainable by copolymerizing 1sobutylenes and
1soprenes. The polymerization 1s preferably carried out 1n
the presence of acid catalysts such as aluminum chloride,
boron trifluoride, silica/alumina and cation exchange resins,
in particular, a Friedel-Craits catalyst.

The viscosity average molecular weight of the polybuty-
lenes is preferably between 5x10° and 4x10°, preferably
between 4x10* and 4x10°. Polyisobutylenes having a vis-
cosity average molecular weight smaller than the above
range may cause blocking or bleeding when the resin
composition of the mvention i1s shaped. Polyisobutylenes
having a viscosity average molecular weight larger than the
above range 1s so hard that the handling thereof 1s diflicult.

As long as the viscosity average molecular weight 1s
within the above range, the polyisobutylenes can be used in
combination of two or more kinds. The viscosity average
molecular weight can be obtained for example by the
tollowing known method (BASF TECHNICAL INFORMA -
TION TI/EVO 14177e¢, January, 2009 edition).

Preferable examples of the polyisobutylenes and butyl
rubbers 1include 1sobutylene homopolymers and 1sobutylene/
1soprene copolymers. Such polyisobutylenes and butyl rub-
bers are commercially available: for example, products with
trade names of Oppanol (BASF Japan Ltd.), Himol (Nippon
Oi1l Corporation), JSR Butyl (JSR Corporation) and Exxon
Butyl (ExxonMobile Chemical). These examples are par-
ticularly pretferable 1n the mvention.
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The 4-methyl-1-pentene polymer (B) 1s an oligomer hav-
ing a polyolefin skeleton and has a bulky skeleton with a side
chain including a branched structure, and therefore 1s easily
compatible with olefin-based rubbers or olefin-based resins,
compared with other additives such as fatty acid amides. The
4-methyl-1-pentene polymer (B) has adequate compatibility
especially with polybutene-based rubbers, which have a
similar skeleton. Thus, as thermoplastic elastomer (A) of the
thermoplastic resins, for example, such sticky resins as butyl
rubbers exemplified above are easily compatible with the
4-methyl-1-penten polymer (B).

Adequately high compatibility between the two compo-
nents enables uniform kneading even when an excessive
amount of the 4-methyl-1-pentene polymer (B) 1s added to
the thermoplastic elastomer (A)', and minimizes the chance
of inhibiting the characteristics inherent in the thermoplastic
clastomer (A)', whereby excellent shaping processability
and releasability can be developed. Furthermore, the bleed-
out apparent over time 1s unlikely to occur and thus is
unlikely to lead to the problems such as the occurrence of
malodor and smoke.

Moreover, the 4-methyl-1-pentene polymer (B) is trans-
parent, and therefore does not inhibit the transparency of the
thermoplastic elastomer (A)'.

The 4-methyl-1-pentene polymer (B) has a higher melting
point than that of polyolefin-based waxes, and therefore the
4-methyl-1-pentene polymer (B) itself 1s unlikely to be
decomposed even when kneading temperature 1s high. The
4-methyl-1-pentene polymer (B) also can 1inhibit the decom-
position of the thermoplastic elastomer (A). That 1s, the
decomposition of the thermoplastic elastomer (A)' can be
inhibited even when the resin composition of the mvention
1s kneaded under such conditions as high temperature and
high pressure. Although the mechanism of inhibiting the
decomposition of the thermoplastic elastomer (A)' 1n knead-
ing 1s not limited, it 1s presumed that kneading 1s carried out
with the thermoplastic elastomer (A)' being adequately
coated with the 4-methyl-1-pentene polymer and the sur-
face-coating 4-methyl-1-pentene polymer inhibits the occur-
rence ol shear energy, leading to the inhibition of the
decomposition of the thermoplastic elastomer (A)'.

The following resins (9) to (11) are thermosetting resins,
and the resins before heat curing will be described below.
(9) Epoxy Resins

Epoxy resins for use in the present mmvention are not
particularly limited and may be conventionally known
CpOXY resins.

Typically, epoxy resins are produced by reacting an
aromatic diol (for example, bisphenol A) with an epichlo-
rohydrin in the presence of an alkaline. Preferred epoxy
resins 1n the present invention are bisphenol A epoxy resins,
bisphenol F epoxy resins, and bisphenol S epoxy resins each
having an epoxy equivalent in the range of 170 to 5000.

Such epoxy resins are commercially available and include
Epomik (trade name, Mitsu1 Petrochemical Industries, Ltd.),
Epiclon (trade name, Damippon Ink and Chemaicals, Inc.),
and Sumiepoxy (trade name, Sumitomo Chemical Co.,
[td.), which can preferably be used 1n the present invention.
(10) Thermosetting Unsaturated Polyester Resins

Thermosetting unsaturated polyester resins for use 1n the
present invention are not particularly limited and may be
conventionally known thermosetting unsaturated polyester
resins.

Typically, thermosetting unsaturated polyester resins are
produced by the esterification reaction between an aliphatic
unsaturated dicarboxylic acid and an aliphatic diol. Prefer-
ably, the thermosetting unsaturated polyester resin in the
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present invention 1s produced by the esterification reaction
between an unsaturated dicarboxylic acid, such as maleic
acid or fumaric acid, and a diol, such as ethylene glycol or
diethylene glycol.

Such thermosetting unsaturated polyester resins are com- 5
mercially available and include Rigolac (trade name, Showa
Highpolymer Co., Ltd.) and Sumikon (trade name, Sumi-
tomo Bakelite Co., Ltd.), which can preferably be used 1n the
present mvention.

(11) Phenolic Resins 10

Phenolic resins for use in the present invention are not
particularly limited and may be conventionally known phe-
nolic resins.

The present invention encompasses both novolak and
resole resins. Preferably, the phenolic resin 1s a novolak resin 15
to be cured with hexamethylenetetramine or a solid resole
resin mainly containing a dimethylene ether bond.

Such phenolic resins are commercially available and
include Sumikon PM (trade name, Sumitomo Bakelite Co.,
[.td.) and Nikkalite (trade name, NIHON GOSEI KAKO 20
CO., LTD.), which can preferably be used in the present
invention.

B. 4-Methyl-1-Pentene Polymer (B-1)

(B1) A 4-methyl-1-pentene polymer for use 1n the present
invention has an intrinsic viscosity [n] of 0.01 or more but 25
less than 0.50 dl/g, preferably in the range of 0.02 to 0.45
dl/g, more preferably 0.03 to 0.40 dl/g, measured at 135° C.
in a decalin solvent. A 4-methyl-1-pentene polymer having
an 1ntrinsic viscosity [1] in this range has excellent mold
releasability as a resin modifier. The intrinsic viscosity [n] 30
can be reduced, for example, by increasing the hydrogen
supply. The intrinsic viscosity [1] can also be controlled by
the type of catalyst or polymerization temperature. For
example, while the polymenzation temperature generally
ranges from -50° C. to 400° C. in the production using a 35
metallocene catalyst as described below in a synthesis
example, the polymerization temperature preferably ranges
from 10° C. to 300° C., more preferably 10° C. to 2350° C.,
to produce a 4-methyl-1-pentene polymer having an intrinsic
viscosity [n] in the suitable range. When a 4-methyl-1- 40
pentene polymer 1s thermally decomposed to produce a
4-methyl-1-pentene polymer, the 4-methyl-1-pentene poly-
mer of the base material before thermal decomposition can

be thermally decomposed at a temperature in the range of
200° C. to 500° C., preferably 250° C. to 480° C., more 45

preferably 300° C. to 450° C., to produce a 4-methyl-1-
pentene polymer having a desired [n].

(B2) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably contains 50% to 100% by weight, more
preferably 60% to 100% by weight, still more preferably 50
70% to 100% by weight, of a constitutional umt derived
from 4-methyl-1-pentene and preferably 0% to 30% by
weight, more preferably 0% to 40% by weight, still more
preferably 0% to 30% by weight, 1n total of constitutional
units derived from at least one olefin selected from olefins 55
having 2 to 20 carbon atoms other than 4-methyl-1-pentene
(the constitutional units of the 4-methyl-1-pentene polymer
are 100% by weight 1n total). Examples of the olefin having
2 to 20 carbon atoms other than 4-methyl-1-pentene for use
in a 4-methyl-1-pentene polymer for use in the present 60
invention include straight- and branched-chain a.-olefins,
cyclic olefins, aromatic vinyl compounds, conjugated
dienes, nonconjugated polyenes, and functionalized vinyl
compounds.

More specifically, examples of the straight- and branched- 65
chain a-olefins for use 1n a 4-methyl-1-pentene polymer for
use 1n the present invention include straight-chain a-olefins

20

having 2 to 20, preferably 2 to 10, carbon atoms, such as
cthylene, propylene, 1-butene, 1-pentene, 1-hexene,
1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexade-
cene, 1-octadecene, and 1-eicosene; and preferably 5 to 20,
more prelferably 5 to 10, carbon atoms, branched-chain
a.-olefins, such as 3-methyl-1-butene, 3-methyl-1-pentene,
3-ethyl-1-pentene, 4,4-dimethyl-1-pentene, 4-methyl-1-hex-
ene, 4,4-dimethyl-1-hexene, 4-cthyl-1-hexene, and 3-ethyl-
1-hexene.

Examples of the cyclic olefins include cyclic olefins
having 3 to 20, preferably 5 to 135, carbon atoms, such as
cyclopentene, cycloheptene, norbornene, 5-methyl-2-nor-
bornene, tetracyclododecene, and vinylcyclohexane.

Examples of the aromatic vinyl compounds include sty-
rene and mono and polyalkylstyrenes, such as a-methylsty-
rene, o-methylstyrene, m-methylstyrene, p-methylstyrene,
o,p-dimethylstyrene, o-ethylstyrene, m-ethylstyrene, and
p-cthylstyrene.

Examples of the conjugated dienes include conjugated
dienes having 4 to 20, preferably 4 to 10, carbon atoms, such
as 1,3-butadiene, 1soprene, chloroprene, 1,3-pentadien, 2,3-
dimethylbutadiene, 4-methyl-1,3-pentadien, 1,3-pentadien,
1,3-hexadiene, and 1,3-octadiene.

Examples of the nonconjugated polyenes include noncon-
jugated polyenes having 5 to 20, preferably 5 to 10, carbon
atoms, such as 1,4-pentadien, 1,4-hexadiene, 1,5-hexadiene,
1.4-octadiene, 1,5-octadiene, 1,6-octadiene, 1,7-octadiene,
2-methyl-1,5-hexadiene, 6-methyl-1,5-heptadiene,
7-methyl-1,6-octadiene, 4-ethylidene-8-methyl-1,7-nona-
diene, 4,8-dimethyl-1,4,8-decatriene (DMDT), dicyclopen-
tadiene, cyclohexadiene, dicyclooctadiene, methylenenor-
bornene, 5-vinylnorbornene, 5-ethylidene-2-norbornene,
S-methylene-2-norbormene, 5-1sopropylidene-2-norbornene,
6-chloromethyl-3-1sopropenyl-2-norbormene, 2,3-diisopro-
pyvlidene-5-norbormene, 2-ethylidene-3-1sopropylidene-5-
norbornene, and 2-propenyl-2,2-norbornadiene.

Examples of the functionalized vinyl compounds include
olefins containing a hydroxy group, halogenated olefins,
acrylic acid, propionic acid, unsaturated carboxylic acids,
such as 3-butenoic acid, 4-pentenoic acid, 5-hexenoic acid,
6-heptenoic acid, 7-octenoic acid, 8-nonenoic acid, and
9-decenoic acid, unsaturated amines, such as allylamine,
S-hexeneamine, and 6-hepteneamine, unsaturated acid anhy-
drides, such as (2,7-octadienyl)succinic anhydride, pen-
tapropenylsuccinic anhydride, and exemplary compounds of
the unsaturated carboxylic acids described above in which
the carboxy group was substituted by a carboxylic anhydride
group, unsaturated carboxylic acid halides, such as exem-
plary compounds of the unsaturated carboxylic acids
described above 1n which the carboxy group was substituted
by a carboxylic acid halide group, and unsaturated epoxy
compounds, such as 4-epoxy-1-butene, 5-epoxy-1-pentene,
6-epoxy-1-hexene, 7-epoxy-1-heptene, 8-epoxy-1-octene,
9-epoxy-1-nonene, 10-epoxy-1-decene, and 11-epoxy-1-un-
decene.

The olefins containing a hydroxy group may be any olefin
compounds containing a hydroxy group and include termi-
nal hydroxylated olefin compounds. Specific examples of
the terminal hydroxylated olefin compounds include
straight-chain hydroxylated o-olefins having 2 to 20, prei-
erably 2 to 10, carbon atoms, such as vinyl alcohol, allyl
alcohol, hydroxylated-1-butene, hydroxylated-1-pentene,
hydroxylated-1-hexene, hydroxylated-1-octene, hydroxy-
lated-1-decene, hydroxylated-1-dodecene, hydroxylated-1-
tetradecene, hydroxylated-1-hexadecene, hydroxylated-1-
octadecene, and hydroxylated-1-eicosene; and preferably 5
to 20, more preferably 5 to 10, carbon atoms, branched-
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chain hydroxylated a-olefins, such as hydroxylated-3-
methyl-1-butene, hydroxylated-4-methyl-1-pentene,
hydroxylated-3-methyl-1-pentene, hydroxylated-3-ethyl-1-
pentene, hydroxylated-4,4-dimethyl-1-pentene, hydroxy-
lated-4-methyl-1-hexene, hydroxylated-4,4-dimethyl-1-
hexene, hydroxylated-4-ethyl-1-hexene, and hydroxylated-
3-ethyl-1-hexene.

Specific examples of the halogenated olefins include
halogenated o-olefins having the group 17 atoms of the
periodic table, such as chlorine, bromine, and 10dine, for
example, straight-chain halogenated a-olefins having 2 to
20, preterably 2 to 10, carbon atoms, such as halogenated
vinyls, halogenated-1-butenes, halogenated-1-pentenes,
halogenated-1-hexenes, halogenated-1-octenes, haloge-
nated-1-decenes, halogenated-1-dodecenes, halogenated-1 -
tetradecenes, halogenated-1-hexadecenes, halogenated-1-
octadecenes, and halogenated-1-eicosenes; and preferably 5
to 20, more preferably 5 to 10, carbon atoms, branched-
chain halogenated a.-olefins, such as halogenated-3-methyl-
1-butenes, halogenated-4-methyl-1-pentenes, halogenated-
3-methyl-1-pentenes, halogenated-3-ethyl-1-pentenes,
halogenated-4,4-dimethyl-1-pentenes, halogenated-4-
methyl-1-hexenes,  halogenated-4,4-dimethyl-1-hexenes,
halogenated-4-ethyl-1-hexenes, and halogenated-3-ethyl-1-
hexenes.

The olefins to be used in combination with 4-methyl-1-
pentene may be used alone or 1n combination. In particular,
the olefins to be suitably used 1n combination with 4-methyl-
1 -pentene 1nclude ethylene, propylene, 1-butene, 1-pentene,
1-hexene, 3-methyl-1-butene, 3-methyl-1-pentene, 3-ethyl-
1-pentene, 4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4,4-
dimethyl-1-pentene, 4-ethyl-1-hexene, 3-ethyl-1-hexene,
1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexade-
cene, 1-octadecene, 1-eicosene, vinylcyclohexane, and sty-
rene.

(B3) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably has a ratio (Mw/Mn) of weight-average
molecular weight (Mw) to number-average molecular
weight (Mn) 1n the range of 1.0 to 5.0, more preferably 1.0
to 4.5, still more preferably 1.0 to 4.0, particularly preferably
1.0 to 3.5, as determined by gel permeation chromatography
(GPC). Mw/Mn within the range described above allows
reduction in the amount of components 1n a low-molecular-
weight region of the molecular weight distribution. Such a
4-methyl-1-pentene polymer used as a resin modifier can
reduce the stickiness of a formed product. Mw/Mn within
the range described above also allows reduction in the
amount of high-molecular-weight components. Such a
4-methyl-1-pentene polymer can be well dispersed 1mn a
formed product and exert a smaller influence on dynamic
properties. A polymer having such a molecular weight
distribution can be produced by thermal decomposition of a
polymer having a wide molecular weight distribution, if
necessary, followed by solvent fractionation. Preferably, a
polymer having such a molecular weight distribution can be
produced 1n the presence of a metallocene catalyst described
below to produce a 4-methyl-1-pentene polymer.

(B4) A 4-methyl-1-pentene polymer for use in the present
invention preferably has a melting point (I'm) 1n the range
of 120° C. to 245° C., more preferably 130° C. to 240° C.,
still more preferably 140° C. to 235° C., as measured with
a differential scanning calorimeter. A 4-methyl-1-pentene
polymer having a melting point (ITm) in this range has an
excellent balance between molding processability when
used as a resin modifier and blocking resistance during the
storage of the 4-methyl-1-pentene polymer. In the case that
the 4-methyl-1-pentene polymer 1s a 4-methyl-1-pentene
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homopolymer, the melting point depends on the number-
average molecular weight (Mn). For example, the melting
point of a 4-methyl-1-pentene homopolymer can be
decreased by decreasing the molecular weight of the
4-methyl-1-pentene homopolymer. In the case that the
4-methyl-1-pentene polymer 1s a copolymer of 4-methyl-1-
pentene and an olefin having 2 to 20 carbon atoms, the
melting point of the 4-methyl-1-pentene polymer depends
on the number-average molecular weight (Mn) and can be
controlled by the ratio of the olefin having 2 to 20 carbon
atoms to 4-methyl-1-pentene in polymerization and the type
of the olefin. For example, the melting point of the resulting
polymer can be decreased by increasing the ratio of the
olefin to 4-methyl-1-pentene.

The melting point was measured with a differential scan-
ning calorimeter (DSC) by increasing the temperature of
approximately 5 mg of a sample 1n an aluminum pan to 280°
C., holding at 280° C. for five minutes, cooling the sample
to 30° C. at 10° C./min, holding at 30° C. for five minutes,
and then increasing the temperature at 10° C./min, during
which an endothermic peak was measured as a melting
point.

(B5) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably has a critical surface tension in the
range ol 22 to 28 mN/m, more preferably 23 to 27.5 mN/m,
still more preferably 24 to 27.5 mN/m, particularly prefer-
ably 24.5 to 27.5 mN/m. A 4-methyl-1-pentene polymer
having a critical surface tension in this range can impart
excellent mold releasability to a formed product. Such a
critical surface tension depends on the 4-methyl-1-pentene
constitutional unit 1 the 4-methyl-1-pentene polymer. In
order to achieve the suitable critical surface tension
described above, the amount of 4-methyl-1-pentene consti-
tutional unit ranges from 50% to 100% by weight, preferably
60% to 100% by weight, more preferably 70% to 100% by
weight, particularly preterably 80% to 100% by weight.

(B6) Preferably, a 4-methyl-1-pentene polymer for use in
the present mvention has a relationship expressed by the
following formula (I) between molecular weight and intrin-
S1C V1SCOSity.

A=0.2x[n] (I)

wherein A denotes the percentage (% by mass) of a
component having a polystyrene equivalent molecular
weight of 1,000 or less 1n the 4-methyl-1-pentene polymer
as measured by gel permeation chromatography (GPC), and
[11] denotes the intrinsic viscosity (dl/g) of the 4-methyl-
1 -pentene polymer measured at 135° C. 1n a decalin solvent.

Use of a 4-methyl-1-pentene polymer that satisfies the
condition expressed by the formula (1) can improve the mold
releasability of a formed product without impairing the
dynamic properties of the formed product. A polymer that
satisfies the relation expressed by the formula (I) can be
produced by primarily removing components having a
molecular weight of 1,000 or less, for example, by solvent
fractionation. Use of a metallocene catalyst described below
tends to yield a polymer having a narrow molecular weight
distribution, often vyielding a polymer that satisfies the
formula (I) without using solvent fractionation.

In general, 1n the shape processing of a resin that contains
a 4-methyl-1-pentene polymer having a low intrinsic vis-
cosity as a resin modifier, the 4-methyl-1-pentene polymer
having a lower molecular weight in a molten state 1s
expected to be localized 1n the vicinity of inner walls of a
forming machine, such as a screw, a barrel, and a die, to
reduce shear acting on the inner walls. When the localized
state 1s maintained also 1 a solidification process of a
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formed product in a die, the 4-methyl-1-pentene polymer
tends to exist 1n the surface layer of the formed product,
thereby i1mproving the mold releasability of the formed
product. In contrast to the improvement 1n mold releasabil-
ity, however, the 4-methyl-1-pentene polymer 1tself may be
adhered to each other or may impair the dynamic physical
properties of a formed product. In some cases, a formed
product has insuilicient mold releasability.

As a result of mvestigations, the present inventors found
that the proportion of components having a molecular
weight of 1,000 or less i a 4-methyl-1-pentene polymer 1s
very important in terms ol intrinsic viscosity. Although a
detailed mechanism for that is not clear, components having
a molecular weight of 1,000 or less 1n a 4-methyl-1-pentene
polymer are probably particularly sticky. It 1s therefore
presumed that a 4-methyl-1-pentene polymer cannot pro-
duce suflicient mold releasability as a resin modifier when
the proportion of components having a molecular weight of
1,000 or less exceeds a certain value. At such a proportion,
it 1s also presumed that a 4-methyl-1-pentene polymer itself
tends to be adhered to each other. Components having a
particularly low molecular weight, for example, as low as
1,000 or less are also presumed to cause deterioration in
dynamic physical properties. In particular, the effects of
components having a molecular weight of 1,000 or less tend
to 1increase with a decrease in the molecular weight of a (B)
4-methyl-1-pentene polymer.

The formula (I) defines the allowable percentage of
components having a molecular weight of 1,000 or less 1n
consideration of the effects of the molecular weight of a (B)
4-methyl-1-pentene polymer.

(B7) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably has 0.001 to 100, more preferably
0.001 to 0.3, still more preferably 0.001 to 0.4, particularly
preferably 0.001 to 0.3, terminal double bonds per 1000
carbon atoms 1n the 4-methyl-1-pentene polymer as deter-
mined by 'H-NMR. Although such a number of terminal
double bonds can be formed by thermal decomposition, they
can preferably be formed by producing a 4-methyl-1-pen-
tene polymer in the presence of a Ziegler catalyst, more
preferably a metallocene catalyst described below.

(B8) A 4-methyl-1-pentene polymer for use in the present
invention preferably has an 1odine value in the range of
0.001 to 180 g/100 g, more preferably 0.001 to 0.9 g/100 g,
still more preferably 0.001 to 0.7 g/100 g, most preferably
0.001 to 0.5 g/100 g. Although a polymer having such an
i0odine value may be produced by the conventional thermal
decomposition of a 4-methyl-1-pentene polymer, it 1s more
preferably produced by the polymerization of 4-methyl-1-
pentene 1n the presence of a metallocene catalyst described
below.

The 10dine value of a 4-methyl-1-pentene polymer was
measured by the following method. Two grams of a
4-methyl-1-pentene polymer i1s dissolved in 100 ml of
decalin at 150° C. and 1s left to stand at room temperature
until the solution 1s cooled to 50° C. 20 ml of acetic acid
containing 1 mmol 10dine monochloride 1s then added to the
solution. After the solution was left to stand 1n a dark place
for 30 minutes while stirring sometimes, 20 ml of 10%
aqueous potassium 10dide was added to the solution. The
solution was titrated with 0.1 N aqueous sodium thiosulfate.
The 10dine value indicating the number of grams of 10dine
bonding to 100 g of a sample was calculated by using the
tollowing equation.

Iodine value=1.269(5-4)/C
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A and B denote sodium thiosulfate (ml) consumed by
titration of the sample and in a blank test, respectively. C
denotes the number of grams of the sample.

Since a 4-methyl-1-pentene polymer for use in the present
invention tends to be localized on the surface, a large
number o double bonds probably result 1n deterioration in
the quality of the 4-methyl-1-pentene polymer owing to
oxygen 1n the air. A decrease 1n molecular weight probably
accelerates this tendency. Thus, the 4-methyl-1-pentene
polymer preferably has an 1odine value in the range
described above.

(B9) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably contains a n-decane soluble fraction 1n
the range of 0.01% to 99% by weight, more preferably
0.01% to 80% by weight, still more preferably 0.01% to
40% by weight (based on 100% by weight of the 4-methyl-
1-pentene polymer), at 10° C. Although a 4-methyl-1-
pentene polymer having such a n-decane soluble fraction
may be produced by thermal decomposition or in the pres-
ence ol a Ziegler catalyst, 1t 1s preferably produced in the
presence of a metallocene catalyst described below. The
n-decane soluble Iraction was measured by dissolving
approximately 3 g of a 4-methyl-1-pentene polymer in 450
ml of n-decane at 145° C., cooling the solution to 10° C.,
removing a n-decane insoluble fraction by filtration, and
recovering a n-decane soluble from the filtrate.

(B10) A 4-methyl-1-pentene polymer for use in the pres-
ent invention preferably has a dyad 1sotacticity in the range
of 70% to 99%, more preferably 80% to 99%, still more
preferably 90% to 99%, particularly preferably 93% to 99%,
as determined by "*C-NMR. Although a polymer having
such a dyad isotacticity may be produced by the conven-
tional thermal decomposition of a 4-methyl-1-pentene poly-
mer, 1t 1s preferably obtained by producing a 4-methyl-1-
pentene polymer 1n the presence of a Ziegler catalyst, such
as a magnesium-compound-supported titanium catalyst,
more preferably a metallocene catalyst described below. The
dyad 1sotacticity was measured by the following method.

The dyad 1sotacticity of a 4-methyl-1-pentene polymer 1s
defined as the percentage of the directions of the isobutyl
branches that are the same when two 4-methyl-1-pentene
unmits bonded to each other via a head-to-tail linkage 1n a
polymer chain are represented 1n a planar zigzag structure.
The dyad isotacticity was calculated from a ““C-NMR
spectrum by using the following equation.

Dyad 1sotacticity (%)=[m/(m+r)]|x100

wherein m and r denote absorption intensities resulting
from the main-chain methylene of 4-methyl-1-pentene units
bonded to each other via a head-to-tail linkage expressed by
the following formulae.

|Formula 1]
iB‘u iB‘u
m: ——(CH—CH;,)——(CH—CH,)
iB‘u
r: ——(CH—CH,)— (CH—CH,)
1Bu

The 'C-NMR spectrum was measure with a nuclear
magnetic resonance spectrometer having a 'H resonance
frequency of 400 MHz. In a NMR sample tube (5 mm¢), a
sample was completely dissolved 1n approximately 0.5 ml of
hexachlorobutadiene, o-dichlorobenzene, or 1,2,4-trichlo-
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robenzene to which approximately 0.05 ml of a lock solvent
deuterated benzene was added. The '*C-NMR spectrum was
measured at 120° C. by complete proton decoupling. Mea-
surement conditions nclude a thp angle of 45° and a pulse
interval of 5 sec or more. The chemical shift of benzene was
set at 127.7 ppm. The chemical shiits of other carbon peaks
were determined on the basis of this reference.

A peak area 1n the range of 41.5 to 43.3 ppm was divided
at the minimum point of a peak profile 1into a first area on the
high-magnetic field side and a second area on the low-
magnetic field side. In the first area, main-chain methylenes
denoted by m 1n two 4-methyl-1-pentene units bonded to
cach other resonate. A peak of methylene linked to a
comonomer also overlaps with the first area. Thus, an
integrated value m was calculated by doubling the peak area
derived from the comonomer at 34.5 to 35.5 ppm and
subtracting 1t from the {first area.

In the second area, main-chain methylenes denoted by r in
two 4-methyl-1-pentene units bonded to each other resonate.
An integrated value thereof was denoted by r.

For example, NMR measurements are periformed as
described below. 0.35 g of a sample 1s dissolved 1n 2.0 ml
ol hexachlorobutadiene by the application of heat. After the
solution 1s filtered through a glass filter (G2), 0.5 ml of
deuterated benzene 1s added to the filtrate. The filtrate 1s then

transierred into an NMR tube having an inner diameter of 10
mm. "“C-NMR measurements are performed at 120° C. with
a GX-500 NMR spectrometer manufactured by JEOL Ltd.
The number of scans 1s 10,000 or more.
C. Resin Composition Containing 4-Methyl-1-Pentene
Polymer

A resin composition contaimng a 4-methyl-1-pentene
polymer contains 0.01 to 10 parts by mass, preferably 0.1 to
7 parts by mass, more preferably 0.2 to 5 parts by mass, of
a 4-methyl-1-pentene polymer (B-1) per 100 parts by mass
ol at least one resin (A) selected from the group consisting
of thermoplastic resins and thermosetting resins.

2. Second Aspect of the Present Invention

A second aspect of the present invention will be described
below.

A. Resins

Examples of resins include the resins described in the first
aspect of the present invention. More specifically, the ther-
moplastic resin 1s selected from the group consisting of
polyolefin resins, polycarbonate resins, thermoplastic poly-
ester resins, ABS resins, polyacetal resins, polyamide resins,
poly(phenylene oxide) resins, and polyimide resins. The
thermosetting resin 1s selected from the group consisting of
epoxy resins, thermosetting unsaturated polyester resins,
and phenolic resins. A composition according to the present
invention can contain one of the thermoplastic resins and the
thermosetting resins or can contain a combination thereof.

These resins may be any known resins and are appropri-
ately selected 1n accordance with the use and the composi-
tion, the molecular weight, and the like of a 4-methyl-1-
pentene polymer described below.

Preferably, the thermoplastic or thermosetting resin 1s a
resin having a small density difference from a 4-methyl-1-
pentene polymer. A small density difference between the
thermoplastic or thermosetting resin and a 4-methyl-1-pen-
tene polymer results in excellent dispersion of the 4-methyl-
1-pentene polymer in the thermoplastic or thermosetting
resin, leading to a resin composition having excellent trans-
parency and mold releasability.
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More specifically, the density difference between the resin
(A) and a 4-methyl-1-pentene polymer ranges from O to
1500 kg/m>, preferably 1 to 600 kg/m>, more preferably 5 to
400 kg/m>. Examples of a preferred specific combination
include a combination of a polyamide resin and a 4-methyl-
1 -pentene polymer. Among these, the thermoplastic or ther-
mosetting resin 1s preferably a polyolefin resin, a polycar-
bonate resin, a thermoplastic polyester resin, or a polyamide
resin, more preferably a thermoplastic polyester resin or a
polyamide resin, particularly preferably a polyamide resin.

Among these resins, resins having a melting point (Tm) of
200° C. or more are preferred. The melting point (I'm) range
1s preferably 205° C. or more, more preferably 210° C. or
more, and preferably 500° C. or less, more preferably 400°
C. or less, still more preferably 350° C. or less. The melting
point was measured with a differential scanning calorimeter
(DSC) by increasing the temperature of approximately 10
mg ol a sample in an aluminum pan to melt the sample,
cooling the sample to 30° C. at 10° C./min, and then
increasing the temperature at 10° C./min, during which an
endothermic peak was measured as a melting point. For
heat-resistant resins that are thermally decomposed before
the melting point (Tm) 1s observed, the thermal decompo-
sition temperature 1s considered as the melting point (ITm).

Examples of resins having a melting point (ITm) of 200°
C. or more include polycarbonate resins, thermoplastic
polyester resins, and polyamide resins. Examples of com-
mercially available products include Amilan CM1041L.0
(manufactured by Toray Industries, Inc., polyamide resin,
melting point: 225° C.) and Novaduran 5020 (manufactured
by Mitsubishi Engineering-Plastics Co., poly(butylene
terephthalate) resin, melting point: 224° C.)

The reason that resins having a melting poimnt (Tm) of
200° C. or more are preferred is that, since a resin compo-
sition containing a 4-methyl-1-pentene polymer 1s shaped at
high temperatures of 200° C. or more, the resins having a
melting point (Tm) of 200° C. or more can be well dispersed
in the resin composition containing the 4-methyl-1-pentene
polymer having a relatively high melting point among
polyolefins, thereby providing a resin composition having
excellent transparency and mold releasability.

B. 4-Methyl-1-Pentene Polymer (B-2)

(B11) A 4-methyl-1-pentene polymer for use in the pres-
ent invention has an intrinsic viscosity [n] of 0.01 or more
but less than 3.0 dl/g measured at 135° C. 1n a decalin
solvent and preferably has a lower limit o1 0.02 dl/g or more,
more preferably 0.03 dl/’g or more, still more preferably 0.1
dl/g or more, particularly preferably 0.5 dl/g or more. A
4-methyl-1-pentene polymer for use 1n the present invention
preferably has an upper limit of less than 2.5 dl/g, more
preferably less than 2.0 dl/g, still more preferably less than
1.5 dl/g.

A 4-methyl-1-pentene polymer having such an intrinsic
viscosity [n] can be produced by controlling the hydrogen
supply, the type of catalyst, and the polymerization tem-
perature 1n polymerization 1n the same way as 1n the first
aspect of the present invention. In general, a decrease 1n
hydrogen supply or polymerization temperature often results
in an increase 1n [n]. A 4-methyl-1-pentene polymer having
an 1ntrinsic viscosity [n] in this range has excellent mold
releasability as a resin modifier.

(B2) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably contains 50% to 100% by weight, more
preferably 60% to 100% by weight, still more preferably
70% to 100% by weight, of a constitutional unit derived
from 4-methyl-1-pentene and preferably 0% to 50% by
weight, more preferably 0% to 40% by weight, still more
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preferably 0% to 30% by weight, 1n total of constitutional
units derived from at least one olefin selected from olefins
having 2 to 20 carbon atoms other than 4-methyl-1-pentene
(the constitutional units of the 4-methyl-1-pentene polymer
are 100% by weight in total).

Examples of the olefin having 2 to 20 carbon atoms other
than 4-methyl-1-pentene for use i a 4-methyl-1-pentene
polymer for use in the present invention include straight-
and branched-chain o.-olefins, cyclic olefins, aromatic vinyl

compounds, conjugated dienes, nonconjugated polyenes,
and functionalized vinyl compounds.

More specifically, examples of the straight- and branched-
chain a-olefins for use 1n a 4-methyl-1-pentene polymer for
use 1n the present invention include straight-chain a-olefins
having 2 to 20, preferably 2 to 10, carbon atoms, such as
cthylene, propylene, 1-butene, 1-pentene, 1-hexene,
1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexade-
cene, 1-octadecene, and 1-eicosene; and preferably 5 to 20,
more preferably 5 to 10, carbon atoms, branched-chain
a.-olefins, such as 3-methyl-1-butene, 3-methyl-1-pentene,
3-ethyl-1-pentene, 4,4-dimethyl-1-pentene, 4-methyl-1-hex-
ene, 4,4-dimethyl-1-hexene, 4-ethyl-1-hexene, and 3-ethyl-
1-hexene.

Examples of the cyclic olefins include cyclic olefins
having 3 to 20, preferably 5 to 15, carbon atoms, such as
cyclopentene, cycloheptene, norbornene, S-methyl-2-nor-
bornene, tetracyclododecene, and vinylcyclohexane.

Examples of the aromatic vinyl compounds 1nclude sty-
rene and mono and polyalkylstyrenes, such as a-methylsty-
rene, o-methylstyrene, m-methylstyrene, p-methylstyrene,
o,p-dimethylstyrene, o-ethylstyrene, m-ethylstyrene, and
p-cthylstyrene.

Examples of the conjugated dienes include conjugated
dienes having 4 to 20, preferably 4 to 10, carbon atoms, such
as 1,3-butadiene, 1soprene, chloroprene, 1,3-pentadien, 2,3-
dimethylbutadiene, 4-methyl-1,3-pentadien, 1,3-pentadien,
1,3-hexadiene, and 1,3-octadiene.

Examples of the nonconjugated polyenes include noncon-
jugated polyenes having 5 to 20, pretferably 5 to 10, carbon
atoms, such as 1,4-pentadien, 1,4-hexadiene, 1,5-hexadiene,
1.,4-octadiene, 1,5-octadiene, 1,6-octadiene, 1,7-octadiene,
2-methyl-1,5-hexadiene, 6-methyl-1,5-heptadiene,
7-methyl-1,6-octadiene, 4-ethylidene-8-methyl-1,7-nona-
diene, 4,8-dimethyl-1,4,8-decatriene (DMDT), dicyclopen-
tadiene, cyclohexadiene, dicyclooctadiene, methylenenor-
bormene, 5-vinylnorbornene, 5-ethylidene-2-norbormene,
S-methylene-2-norbornene, 5-1sopropylidene-2-norbornene,
6-chloromethyl-3-1sopropenyl-2-norbornene, 2,3-diisopro-
pylidene-5-norbormene, 2-ethylidene-3-1sopropylidene-5-
norbornene, and 2-propenyl-2,2-norbornadiene.

Examples of the functionalized vinyl compounds include
olefins containing a hydroxy group, halogenated olefins,
acrylic acid, propionic acid, unsaturated carboxylic acids,
such as 3-butenoic acid, 4-pentenoic acid, 5-hexenoic acid,
6-heptenoic acid, 7-octenoic acid, 8-nonenoic acid, and
9-decenoic acid, unsaturated amines, such as allylamine,
S-hexeneamine, and 6-hepteneamine, unsaturated acid anhy-
drides, such as (2,7-octadienyl)succinic anhydride, pen-
tapropenylsuccinic anhydride, and exemplary compounds of
the unsaturated carboxylic acids described above 1n which
the carboxy group was substituted by a carboxylic anhydride
group, unsaturated carboxylic acid halides, such as exem-
plary compounds of the unsaturated carboxylic acids
described above 1n which the carboxy group was substituted
by a carboxylic acid halide group, and unsaturated epoxy
compounds, such as 4-epoxy-1-butene, 5-epoxy-1-pentene,
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6-epoxy-1-hexene, 7-epoxy-1-heptene, 8-epoxy-1-octene,
9-epoxy-1-nonene, 10-epoxy-1-decene, and 11-epoxy-1-un-
decene.

The olefins containing a hydroxy group may be any olefin
compounds containing a hydroxy group and include termi-
nal hydroxylated olefin compounds. Specific examples of
the terminal hydroxylated olefin compounds include
straight-chain hydroxylated o-olefins having 2 to 20, prei-
erably 2 to 10, carbon atoms, such as vinyl alcohol, allyl
alcohol, hydroxylated-1-butene, hydroxylated-1-pentene,
hydroxylated-1-hexene, hydroxylated-1-octene, hydroxy-
lated-1-decene, hydroxylated-1-dodecene, hydroxylated-1-
tetradecene, hydroxylated-1-hexadecene, hydroxylated-1-
octadecene, and hydroxylated-1-eicosene; and preferably 5
to 20, more preferably 5 to 10, carbon atoms, branched-
chain hydroxylated a-olefins, such as hydroxylated-3-
methyl-1-butene, hydroxylated-4-methyl-1-pentene,
hydroxylated-3-methyl-1-pentene, hydroxylated-3-ethyl-1-
pentene, hydroxylated-4,4-dimethyl-1-pentene, hydroxy-
lated-4-methyl-1-hexene, hydroxylated-4,4-dimethyl-1-
hexene, hydroxylated-4-ethyl-1-hexene, and hydroxylated-
3-ethyl-1-hexene.

Specific examples of the halogenated olefins include
halogenated o-olefins having the group 17 atoms of the
periodic table, such as chlorine, bromine, and 10dine, for
example, straight-chain halogenated a-olefins having 2 to
20, preferably 2 to 10, carbon atoms, such as halogenated
vinyls, halogenated-1-butenes, halogenated-1-pentenes,
halogenated-1-hexenes, halogenated-1-octenes, haloge-
nated-1-decenes, halogenated-1-dodecenes, halogenated-1-
tetradecenes, halogenated-1-hexadecenes, halogenated-1-
octadecenes, and halogenated-1-eicosenes; and preferably 5
to 20, more preferably 5 to 10, carbon atoms, branched-
chain halogenated a.-olefins, such as halogenated-3-methyl-
1-butenes, halogenated-4-methyl-1-pentenes, halogenated-
3-methyl-1-pentenes, halogenated-3-ethyl-1-pentenes,
halogenated-4,4-dimethyl-1-pentenes, halogenated-4-
methyl-1-hexenes,  halogenated-4,4-dimethyl-1-hexenes,
halogenated-4-ethyl-1-hexenes, and halogenated-3-ethyl-1-
hexenes.

The olefins to be used 1n combination with 4-methyl-1-
pentene may be used alone or 1n combination. In particular,
the olefins to be suitably used 1n combination with 4-methyl-
1 -pentene 1include ethylene, propylene, 1-butene, 1-pentene,
1-hexene, 3-methyl-1-butene, 3-methyl-1-pentene, 3-ethyl-
1-pentene, 4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4,4-
dimethyl-1-pentene, 4-ethyl-1-hexene, 3-ethyl-1-hexene,
1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexade-
cene, 1-octadecene, 1-eicosene, vinylcyclohexane, and sty-
rene.

(B3-2) A 4-methyl-1-pentene polymer for use in the
present invention preferably has a ratio (Mw/Mn) of weight-
average molecular weight (Mw) to number-average molecu-
lar weight (Mn) 1n the range of 1.0 to 15.0, more preferably
1.0 to 10.0, next preferably 1.0 to 8.0, still more preferably
1.0 to 5.0, particularly preterably 1.0 to 4.0, as determined
by gel permeation chromatography (GPC).

Mw/Mn within the range described above allows reduc-
tion 1n the amount of components 1n a low-molecular-weight
region of the molecular weight distribution. Such a
4-methyl-1-pentene polymer used as a resin modifier can
reduce the stickiness of a formed product. Mw/Mn within
the range described above also allows reduction in the
amount of high-molecular-weight components. Such a
4-methyl-1-pentene polymer can be well dispersed 1n a
formed product and exert a smaller influence on dynamic
properties. A polymer having such a molecular weight
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distribution can be produced by thermal decomposition of a
polymer having a wide molecular weight distribution, it
necessary, followed by solvent fractionation. Preferably, a
polymer having such a molecular weight distribution can be
produced 1n the presence of a metallocene catalyst described
below to produce a 4-methyl-1-pentene polymer.

(B4) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably has a melting point (I'm) 1n the range
of 120° C. to 245° C., more preferably 130° C. to 240° C.,
still more preferably 140° C. to 235° C., as measured with
a differential scanning calorimeter. A 4-methyl-1-pentene
polymer having a melting point (ITm) in this range has an
excellent balance between molding processability when
used as a resin modifier and blocking resistance during the
storage of the 4-methyl-1-pentene polymer. In the case that
the 4-methyl-1-pentene polymer 1s a 4-methyl-1-pentene
homopolymer, the melting point depends on the number-
average molecular weight (Mn). For example, the melting
point of a 4-methyl-1-pentene homopolymer can be
decreased by decreasing the molecular weight of the
4-methyl-1-pentene homopolymer. In the case that the
4-methyl-1-pentene polymer 1s a copolymer of 4-methyl-1-
pentene and an olefin having 2 to 20 carbon atoms, the
melting point of the 4-methyl-1-pentene polymer depends
on the number-average molecular weight (Mn) and can be
controlled by the ratio of the olefin having 2 to 20 carbon
atoms to 4-methyl-1-pentene in polymerization and the type
of the olefin. For example, the melting point of the resulting
polymer can be decreased by increasing the ratio of the
olefin to 4-methyl-1-pentene.

The melting point was measured by the method described
in the first aspect of the present mnvention.

(B5) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably has a critical surface tension in the
range of 22 to 28 mN/m, more preferably 23 to 27.5 mN/m,
still more preferably 24 to 27.5 mN/m, particularly prefer-
ably 24.5 to 27.5 mN/m. A 4-methyl-1-pentene polymer
having a critical surface tension in this range can impart
excellent mold releasability to a formed product. Such a
critical surface tension depends on the 4-methyl-1-pentene
constitutional unit 1n the 4-methyl-1-pentene polymer. In
order to achieve the suitable critical surface tension
described above, the amount of 4-methyl-1-pentene consti-
tutional unit ranges from 50% to 100% by weight, preferably
60% to 100% by weight, more preferably 70% to 100% by
weight, particularly preterably 80% to 100% by weight.

(B6) A 4-methyl-1-pentene polymer for use 1n the present
invention has a relationship expressed by the following
tformula (I) between molecular weight and 1ntrinsic viscos-

1ty.

A=0.2x[n] > (D)

wherein A denotes the percentage (% by mass) of a
component having a polystyrene equivalent molecular
weight of 1,000 or less in the 4-methyl-1-pentene polymer
as measured by gel permeation chromatography (GPC), and
] denotes the intrinsic viscosity (dl/g) of the 4-methyl-1-
pentene polymer measured at 135° C. 1n a decalin solvent.

Use of a 4-methyl-1-pentene polymer that satisfies the
condition expressed by the formula (I) can improve the mold
releasability of a formed product without impairing the
dynamic properties of the formed product. A polymer that
satisfies the relation expressed by the formula (I) can be
produced by primarily removing components having a
molecular weight of 1,000 or less, for example, by solvent
fractionation. Use of a metallocene catalyst described below
tends to yield a polymer having a narrow molecular weight

10

15

20

25

30

35

40

45

50

55

60

65

30

distribution, often vyielding a polymer that satisfies the
formula (I) without using solvent fractionation.

In general, 1n the shape processing of a resin that contains
a 4-methyl-1-pentene polymer having a low intrinsic vis-
cosity as a resin modifier, the 4-methyl-1-pentene polymer
having a lower molecular weight in a molten state 1s
expected to be localized in the vicinity of inner walls of a
forming machine, such as a screw, a barrel, and a die, to
reduce shear acting on the inner walls. When the localized
state 1s maintained also 1 a solidification process of a
formed product 1n a die, the 4-methyl-1-pentene polymer
tends to exist in the surface layer of the formed product,
thereby 1mproving the mold releasability of the formed
product. In contrast to the improvement 1n mold releasabil-
ity, however, the 4-methyl-1-pentene polymer 1tself may be
adhered to each other or may impair the dynamic physical
properties of a formed product. In some cases, a formed
product has insuflicient mold releasability.

As a result of investigations, the present inventors found
that the proportion of components having a molecular
weight of 1,000 or less in a 4-methyl-1-pentene polymer 1s
very important in terms of intrinsic viscosity. Although a
detailed mechanism for that 1s not clear, components having
a molecular weight of 1,000 or less 1n a 4-methyl-1-pentene
polymer are probably particularly sticky. It 1s therefore
presumed that a 4-methyl-1-pentene polymer cannot pro-
duce suilicient mold releasability as a resin modifier when
the proportion of components having a molecular weight of
1,000 or less exceeds a certain value. At such a proportion,
it 15 also presumed that a 4-methyl-1-pentene polymer 1tself
tends to be adhered to each other. Components having a
particularly low molecular weight, for example, as low as
1,000 or less are also presumed to cause deterioration 1n
dynamic physical properties. In particular, the effects of
components having a molecular weight of 1,000 or less tend
to 1increase with a decrease 1n the molecular weight of a (B)
4-methyl-1-pentene polymer.

The formula (I) defines the allowable percentage of
components having a molecular weight of 1,000 or less 1n
consideration of the effects of the molecular weight of a (B)
4-methyl-1-pentene polymer.

(B7) A 4-methyl-1-pentene polymer for use in the present
invention preferably has 0.001 to 100, more preferably
0.001 to 0.5, still more preterably 0.001 to 0.4, particularly
preferably 0.001 to 0.3, terminal double bonds per 1000
carbon atoms 1n the 4-methyl-1-pentene polymer as deter-
mined by 'H-NMR. Although such a number of terminal
double bonds can be formed by thermal decomposition, they
can preferably be formed by producing a 4-methyl-1-pen-
tene polymer 1n the presence of a Ziegler catalyst, more
preferably a metallocene catalyst described below.

(B8) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably has an 1odine value in the range of
0.001 to 180 g/100 g, more preferably 0.001 to 0.9 g/100 g,
still more preferably 0.001 to 0.7 g/100 g, most preferably
0.001 to 0.5 g/100 g. Although a polymer having such an
10odine value may be produced by the conventional thermal
decomposition of a 4-methyl-1-pentene polymer, 1t 1s more
preferably produced by the polymerization of 4-methyl-1-
pentene 1n the presence of a metallocene catalyst described
below.

The 10dine value of a 4-methyl-1-pentene polymer was
measured in the same way as 1n the first aspect of the present
invention.

Since a 4-methyl-1-pentene polymer for use 1n the present
invention tends to be localized on the surface, a large
number of double bonds probably result 1n deterioration in
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the quality of the 4-methyl-1-pentene polymer owing to
oxygen 1n the air. A decrease 1n molecular weight probably

accelerates this tendency. Thus, the 4-methyl-1-pentene
polymer preferably has an 1odine value in the range
described above.

(B9) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably contains a n-decane soluble fraction 1n
the range of 0.01% to 99% by weight, more preferably
0.01% to 80% by weight, still more preferably 0.01% to
40% by weight (based on 100% by weight of the 4-methyl-
l-pentene polymer), at 10° C. Although a 4-methyl-1-
pentene polymer having such a n-decane soluble fraction
may be produced by thermal decomposition or 1n the pres-
ence ol a Ziegler catalyst, 1t 1s preferably produced in the
presence ol a metallocene catalyst described below. The
n-decane soluble fraction was measured by dissolving
approximately 3 g of a 4-methyl-1-pentene polymer 1n 450
ml of n-decane at 145° C., cooling the solution to 10° C.,
removing a n-decane insoluble fraction by filtration, and
recovering a n-decane soluble from the filtrate.

(B10) A 4-methyl-1-pentene polymer for use 1n the pres-
ent invention preferably has a dyad 1sotacticity in the range
of 70% to 99%, more preferably 80% to 99%, still more
preferably 90% to 99%, particularly preferably 93% to 99%,
as determined by "*C-NMR. Although a polymer having
such a dyad 1sotacticity may be produced by the conven-
tional thermal decomposition of a 4-methyl-1-pentene poly-
mer, 1t 1s preferably obtained by producing a 4-methyl-1-
pentene polymer 1n the presence of a Ziegler catalyst, such
as a magnesium-compound-supported titanium catalyst,
more preferably a metallocene catalyst described below. The
dyad isotacticity was measured 1n the same way as in the
first aspect of the present invention.

C. Resin Composition Containing 4-Methyl-1-Pentene
Polymer

A resin composition contaiming a 4-methyl-1-pentene
polymer contains 0.01 to 100 parts by mass, preterably 0.01
to 50 parts by mass, more preferably 0.01 to 20 parts by
mass, particularly preterably 0.01 to 10 parts by mass, of a
4-methyl-1-pentene polymer (B-2) per 100 parts by mass of
at least one resin (A) selected from the group consisting of
thermoplastic resins and thermosetting resins.

3. Third Aspect of the Present Invention

A third aspect of the present invention will be described
below.
4-Methyl-1-Pentene Polymer

(B2) A 4-methyl-1-pentene polymer according to the
present invention contains (A) 50% to 100% by weight of a
constitutional unit derived from 4-methyl-1-pentene and (B)
0% to 50% by weight 1n total of constitutional units derived
from at least one olefin selected from olefins having 2 to 20
carbon atoms other than 4-methyl-1-pentene.

A 4-methyl-1-pentene polymer according to the present
invention contains preferably 60% to 100% by weight, more
preferably 70% to 100% by weight, of a constitutional unit
derived from 4-methyl-1-pentene and preferably 0% to 40%
by weight, more preferably 0% to 30% by weight, 1n total of
constitutional units derived from at least one olefin selected
from olefins having 2 to 20 carbon atoms other than
4-methyl-1-pentene (the constitutional units of the
4-methyl-1-pentene polymer are 100% by weight 1n total).

Examples of the olefin having 2 to 20 carbon atoms other
than 4-methyl-1-pentene for use 1 a 4-methyl-1-pentene
polymer according to the present invention mnclude straight-
and branched-chain o.-olefins, cyclic olefins, aromatic vinyl
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compounds, conjugated dienes, nonconjugated polyenes,
and functionalized vinyl compounds.

More specifically, examples of the straight- and branched-
chain c.-olefins for use 1n a 4-methyl-1-pentene polymer
according to the present mvention include straight-chain
a.-olefins having 2 to 20, preferably 2 to 10, carbon atoms,
such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene,
1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexade-
cene, 1-octadecene, and 1-eicosene; and preferably 5 to 20,
more preferably 5 to 10, carbon atoms, branched-chain
a.-olefins, such as 3-methyl-1-butene, 3-methyl-1-pentene,
3-ethyl-1-pentene, 4,4-dimethyl-1-pentene, 4-methyl-1-hex-
ene, 4,4-dimethyl-1-hexene, 4-ethyl-1-hexene, and 3-ethyl-
1-hexene.

Examples of the cyclic olefins include cyclic olefins
having 3 to 20, preferably 5 to 15, carbon atoms, such as
cyclopentene, cycloheptene, norbornene, 5-methyl-2-nor-
bornene, tetracyclododecene, and vinylcyclohexane.

Examples of the aromatic vinyl compounds include sty-
rene and mono and polyalkylstyrenes, such as a-methylsty-
rene, o-methylstyrene, m-methylstyrene, p-methylstyrene,
o,p-dimethylstyrene, o-ethylstyrene, m-ethylstyrene, and
p-cthylstyrene.

Examples of the conjugated dienes include conjugated
dienes having 4 to 20, preferably 4 to 10, carbon atoms, such
as 1,3-butadiene, 1soprene, chloroprene, 1,3-pentadien, 2,3-
dimethylbutadiene, 4-methyl-1,3-pentadien, 1,3-pentadien,
1,3-hexadiene, and 1,3-octadiene.

Examples of the nonconjugated polyenes include noncon-
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atoms, such as 1,4-pentadien, 1,4-hexadiene, 1,5-hexadiene,
1,4-octadiene, 1,5-octadiene, 1,6-octadiene, 1,7-octadiene,
2-methyl-1,5-hexadiene, 6-methyl-1,5-heptadiene,
7-methyl-1,6-octadiene, 4-ethylidene-8-methyl-1,7-nona-
diene, 4,8-dimethyl-1,4,8-decatriene (DMDT), dicyclopen-
tadiene, cyclohexadiene, dicyclooctadiene, methylenenor-
bornene, 5-vinylnorbornene, 5-ethylidene-2-norbornene,
S-methylene-2-norbornene, 5-1sopropylidene-2-norbornene,
6-chloromethyl-3-1sopropenyl-2-norbornene, 2,3-diisopro-
pylidene-5-norbornene, 2-ethylidene-3-1sopropylidene-5-
norbornene, and 2-propenyl-2,2-norbornadiene.

Examples of the functionalized vinyl compounds include
olefins containing a hydroxy group, halogenated olefins,
acrylic acid, propionic acid, unsaturated carboxylic acids,
such as 3-butenoic acid, 4-pentenoic acid, 5-hexenoic acid,
6-heptenoic acid, 7-octenoic acid, 8-nonenoic acid, and
9-decenoic acid, unsaturated amines, such as allylamine,
S-hexeneamine, and 6-hepteneamine, unsaturated acid anhy-
drides, such as (2,7-octadienyl)succinic anhydride, pen-
tapropenylsuccinic anhydride, and exemplary compounds of
the unsaturated carboxylic acids described above in which
the carboxy group was substituted by a carboxylic anhydride
group, unsaturated carboxylic acid halides, such as exem-
plary compounds of the unsaturated carboxylic acids
described above 1n which the carboxy group was substituted
by a carboxylic acid halide group, and unsaturated epoxy
compounds, such as 4-epoxy-1-butene, 5-epoxy-1-pentene,
6-epoxy-1-hexene, 7-epoxy-1-heptene, 8-epoxy-1-octene,
9-epoxy-1-nonene, 10-epoxy-1-decene, and 11-epoxy-1-un-
decene.

The olefins containing a hydroxy group may be any olefin
compounds containing a hydroxy group and include termi-
nal hydroxylated olefin compounds. Specific examples of
the terminal hydroxylated olefin compounds include
straight-chain hydroxylated oa-olefins having 2 to 20, prei-
erably 2 to 10, carbon atoms, such as vinyl alcohol, allyl
alcohol, hydroxylated-1-butene, hydroxylated-1-pentene,
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hydroxylated-1-hexene, hydroxylated-1-octene, hydroxy-
lated-1-decene, hydroxylated-1-dodecene, hydroxylated-1-
tetradecene, hydroxylated-1-hexadecene, hydroxylated-1-
octadecene, and hydroxylated-1-eicosene; and preferably 5
to 20, more preferably 5 to 10, carbon atoms, branched-
chain hydroxylated o-olefins, such as hydroxylated-3-
methyl-1-butene, hydroxylated-4-methyl-1-pentene,
hydroxylated-3-methyl-1-pentene, hydroxylated-3-ethyl-1-
pentene, hydroxylated-4,4-dimethyl-1-pentene, hydroxy-
lated-4-methyl-1-hexene, hydroxylated-4,4-dimethyl-1-
hexene, hydroxylated-4-ethyl-1-hexene, and hydroxylated-
3-ethyl-1-hexene.

Specific examples of the halogenated olefins include
halogenated a-olefins having the group 17 atoms of the
periodic table, such as chlorine, bromine, and 1odine, for
example, straight-chain halogenated o-olefins having 2 to
20, preferably 2 to 10, carbon atoms, such as halogenated
vinyls, halogenated-1-butenes, halogenated-1-pentenes,
halogenated-1-hexenes, halogenated-1-octenes, haloge-
nated-1-decenes, halogenated-1-dodecenes, halogenated-1-
tetradecenes, halogenated-1-hexadecenes, halogenated-1-
octadecenes, and halogenated-1-eicosenes; and preferably 5
to 20, more preferably 5 to 10, carbon atoms, branched-
chain halogenated a.-olefins, such as halogenated-3-methyl-
1-butenes, halogenated-4-methyl-1-pentenes, halogenated-
3-methyl-1-pentenes, halogenated-3-ethyl-1-pentenes,
halogenated-4,4-dimethyl-1-pentenes, halogenated-4-
methyl-1-hexenes,  halogenated-4,4-dimethyl-1-hexenes,
halogenated-4-ethyl-1-hexenes, and halogenated-3-ethyl-1-
hexenes.

The olefins to be used 1n combination with 4-methyl-1-
pentene may be used alone or 1n combination. In particular,
the olefins to be suitably used 1n combination with 4-methyl-
1 -pentene include ethylene, propylene, 1-butene, 1-pentene,
1-hexene, 3-methyl-1-butene, 3-methyl-1-pentene, 3-ethyl-
1 -pentene, 4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4,4-
dimethyl-1-pentene, 4-ethyl-1-hexene, 3-ethyl-1-hexene,
1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexade-
cene, 1-octadecene, 1-eicosene, vinylcyclohexane, and sty-
rene.

(B1) A 4-methyl-1-pentene polymer according to the
present invention has an intrinsic viscosity [n] of 0.01 or
more but less than 0.50 dl/g, preferably 1n the range of 0.02
to 0.45 dl/g, more preferably 0.03 to 0.40 dl/g, measured at
135° C. 1n a decalin solvent. A 4-methyl-1-pentene polymer
having such an intrinsic viscosity [n] can be produced by
controlling the hydrogen supply, the type of catalyst, and the
polymerization temperature in polymerization 1n the same
way as 1n the first aspect of the present invention.

A 4-methyl-1-pentene polymer having an intrinsic vis-
cosity [n] 1n this range has excellent mold releasability as a
resin modifier, 1s well dispersed 1n resin, and exerts a small
influence on dynamic physical properties.

(B3) A 4-methyl-1-pentene polymer according to the
present invention has a ratio (Mw/Mn) of weight-average
molecular weight (Mw) to number-average molecular
weight (Mn) 1n the range of 1.0 to 5.0, preferably 1.0 to 4.5,
more preferably 1.0 to 4.0, particularly preferably 1.0 to 3.5,
as determined by gel permeation chromatography (GPC).
Mw/Mn within the range described above allows reduction
in the amount of components 1 a low-molecular-weight
region of the molecular weight distribution. Such a
4-methyl-1-pentene polymer used as a resin modifier can
reduce the stickiness of a formed product. Mw/Mn within
the range described above also allows reduction in the
amount of high-molecular-weight components. Such a
4-methyl-1-pentene polymer can be well dispersed mn a
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formed product and exert a smaller influence on dynamic
properties. A polymer having such a molecular weight
distribution can be produced by thermal decomposition of a
polymer having a wide molecular weight distribution, it
necessary, followed by solvent fractionation. Preferably, a
polymer having such a molecular weight distribution can be
produced 1n the presence of a metallocene catalyst described
below to produce a 4-methyl-1-pentene polymer.

(B6) A 4-methyl-1-pentene polymer according to the
present invention has a relationship expressed by the fol-
lowing formula (I) between molecular weight and intrinsic
V1sCOsity.

A=<0.2x[n]> (1)

wherein A denotes the percentage (% by mass) of a
component having a polystyrene equivalent molecular
weight of 1,000 or less 1n the 4-methyl-1-pentene polymer
as measured by gel permeation chromatography (GPC), and
In] denotes the intrinsic viscosity (dl/g) of the 4-methyl-1-
pentene polymer measured at 135° C. in a decalin solvent.

A 4-methyl-1-pentene polymer that satisfies the condition
expressed by the formula (I) has high blocking resistance. A
4-methyl-1-pentene polymer blended with another resin can
improve the mold releasability of a formed product without
impairing the dynamic properties of the formed product. A
4-methyl-1-pentene polymer that satisfies the condition
expressed by the formula (I) can be produced by primarily
removing components having a molecular weight of 1,000
or less, for example, by solvent fractionation and can
preferably be produced in the presence of a metallocene
catalyst described below. Use of a metallocene catalyst
described below tends to yield a polymer having a narrow
molecular weight distribution, often yielding a polymer that
satisfies the formula (I) without using solvent fractionation.

In general, in the shape processing of a thermoplastic
resin that contains a 4-methyl-1-pentene polymer having a
low 1ntrinsic viscosity as a resin modifier, the 4-methyl-1-
pentene polymer having a lower molecular weight in a
molten state 1s expected to be localized 1n the vicinity of
inner walls of a forming machine, such as a screw, a barrel,
and a die, to reduce shear acting on the iner walls. When
the localized state 1s maintained also 1 a solidification
process of a formed product 1n a die, the 4-methyl-1-pentene
polymer tends to exist in the surface layer of the formed
product, thereby improving the mold releasability of the
formed product. In contrast to the improvement in mold
releasability, however, the 4-methyl-1-pentene polymer
itsell may be adhered to each other or may impair the
dynamic physical properties of a formed product. In some
cases, a formed product has insuflicient mold releasability.

As a result of investigations, the present inventors found
that the proportion of components having a molecular
weight of 1,000 or less 1n a 4-methyl-1-pentene polymer 1s
very important in terms of intrinsic viscosity. Although a
detailed mechanism for that 1s not clear, components having
a molecular weight of 1,000 or less 1n a 4-methyl-1-pentene
polymer are probably particularly sticky. It 1s therefore
presumed that a 4-methyl-1-pentene polymer cannot pro-
duce suthicient mold releasability as a resin modifier when
the proportion of components having a molecular weight of
1,000 or less exceeds a certain value. At such a proportion,
it 1s also presumed that a 4-methyl-1-pentene polymer 1tself
tends to be adhered to each other. Components having a
particularly low molecular weight, for example, as low as
1,000 or less are also presumed to cause deterioration in
dynamic physical properties. In particular, the effects of
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components having a molecular weight of 1,000 or less tend
to 1increase with a decrease 1n the molecular weight of a (B)
4-methyl-1-pentene polymer.

The formula (I) defines the allowable percentage of
components having a molecular weight of 1,000 or less 1n
consideration of the effects of the molecular weight of a (B)
4-methyl-1-pentene polymer.

(B4) A 4-methyl-1-pentene polymer according to the
present invention preferably has a melting point (I'm) 1n the
range of 120° C. to 245° C., more preferably 130° C. to 240
C., still more preferably 140° C. to 235° C., as measured
with a differential scanning calorimeter. A 4-methyl-1-pen-
tene polymer having a melting point (ITm) 1n this range has
an excellent balance between molding processability when
used as a resin modifier and blocking resistance during the
storage of the 4-methyl-1-pentene polymer. In the case that
the 4-methyl-1-pentene polymer 1s a 4-methyl-1-pentene
homopolymer, the melting point depends on the number-
average molecular weight (Mn). For example, the melting
point of a 4-methyl-1-pentene homopolymer can be
decreased by decreasing the molecular weight of the
4-methyl-1-pentene homopolymer. In the case that the
4-methyl-1-pentene polymer 1s a copolymer of 4-methyl-1-
pentene and an olefin having 2 to 20 carbon atoms, the
melting point of the 4-methyl-1-pentene polymer depends
on the number-average molecular weight (Mn) and can be
controlled by the ratio of the olefin having 2 to 20 carbon
atoms to 4-methyl-1-pentene in polymerization and the type
of the olefin. For example, the melting point of the resulting
polymer can be decreased by increasing the ratio of the
olefin to 4-methyl-1-pentene.

The melting point was measured by the method described
in the first aspect of the present mnvention.

(B5) A 4-methyl-1-pentene polymer for use 1n the present
invention preferably has a critical surface tension in the
range of 22 to 28 mN/m, more preferably 23 to 27.5 mN/m,
still more preferably 24 to 27.5 mN/m, particularly prefer-
ably 24.5 to 27.5 mN/m. A 4-methyl-1-pentene polymer
having a critical surface tension in this range can impart
excellent mold releasability to a formed product. Such a
critical surface tension depends on the 4-methyl-1-pentene
constitutional unit 1n the 4-methyl-1-pentene polymer. In
order to achieve the suitable critical surface tension
described above, the amount of 4-methyl-1-pentene ranges
from 50% to 100% by weight, preferably 60% to 100% by
weight, more preferably 70% to 100% by weight, particu-
larly preferably 80% to 100% by weight.

(B7) A 4-methyl-1-pentene polymer according to the
present invention preferably has 0.001 to 100, more prefer-
ably 0.001 to 0.5, still more preferably 0.001 to 0.4, par-
ticularly preferably 0.001 to 0.3, terminal double bonds per
1000 carbon atoms in the 4-methyl-1-pentene polymer as
determined by "H-NMR. Although such a number of termi-
nal double bonds can be formed by thermal decomposition,
they can preferably be formed by producing a 4-methyl-1-
pentene polymer in the presence of a Ziegler catalyst, more
preferably a metallocene catalyst described below.

(B8) A 4-methyl-1-pentene polymer according to the
present invention preferably has an 10dine value 1n the range
o1 0.001 to 180 g/100 g, more preferably 0.001 to 0.9 g/100
g still more preferably 0.001 to 0.7 g/100 g, particularly
preferably 0.001 to 0.5 g/100 g.

Although a polymer having such an 10dine value may be
produced by the conventional thermal decomposition of a
4-methyl-1-pentene polymer, 1t 1s more preferably produced
by the polymerization of 4-methyl-1-pentene 1n the presence
of a metallocene catalyst described below.
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The 1odine value of a 4-methyl-1-pentene polymer was
measured in the same way as 1n the first aspect of the present

invention.

Since a 4-methyl-1-pentene polymer according to the
present invention tends to be localized on the surface, a large
number of double bonds probably result 1n deterioration in
the quality of the 4-methyl-1-pentene polymer owing to
oxygen 1n the air. A decrease 1n molecular weight probably
accelerates this tendency. Thus, the 4-methyl-1-pentene
polymer preferably has an 1odine value in the range
described above.

(B9) A 4-methyl-1-pentene polymer according to the
present invention preferably contains a n-decane soluble
fraction 1n the range of 0.01% to 99% by weight, more
preferably 0.01% to 80% by weight, still more preferably
0.01% to 40% by weight (based on 100% by weight of the
4-methyl-1-pentene polymer), at 10° C. Although a
4-methyl-1-pentene polymer having such a n-decane soluble
fraction may be produced by thermal decomposition or 1n
the presence of a Ziegler catalyst, 1t 1s preferably produced
in the presence of a metallocene catalyst described below.
The n-decane soluble fraction was measured by dissolving
approximately 3 g of a 4-methyl-1-pentene polymer 1n 450
ml of n-decane at 145° C., cooling the solution to 10° C.,
removing a n-decane insoluble fraction by filtration, and
recovering a n-decane soluble from the filtrate.

(B10) A 4-methyl-1-pentene polymer according to the
present invention preferably has a dyad 1sotacticity in the
range of 70% to 99%, more preferably 80% to 99%, still
more preferably 90% to 99%, particularly preferably 93% to
99%, as determined by 'C-NMR. Although a polymer
having such a dyad 1sotacticity may be produced by the
conventional thermal decomposition of a 4-methyl-1-pen-
tene polymer, 1t 1s preferably obtamned by producing a
4-methyl-1-pentene polymer in the presence of a Ziegler
catalyst, such as a magnesium-compound-supported tita-
nium catalyst, more preferably a metallocene catalyst
described below. The dyad 1sotacticity was measured 1n the
same way as 1n the first aspect of the present invention.

4. Method for Producing 4-Methyl-1-Pentene
Polymer

Methods for producing the 4-methyl-1-pentene polymers
described 1n the first, second, and third aspects of the present
invention will be described below.

The 4-methyl-1-pentene polymers described 1n the first,
second, and third aspects of the present mvention may be
produced by direct polymerization of olefins or thermal
decomposition of a high-molecular-weight 4-methyl-1-pen-
tene polymer. 4-methyl-1-pentene polymers thus produced
may be purified by solvent fractionation utilizing a differ-
ence 1n solubility 1n solvent or molecular distillation utiliz-
ing a difference in boiling point.

The production of a 4-methyl-1-pentene polymer for use
in the present invention suitably includes the use of con-
ventionally known catalysts, for example, magnestum-sup-
ported titanium catalysts described in Japanese Unexamined
Patent Application Publication No. 57-63310, Japanese
Unexamined Patent Application Publication No. 38-83006,
Japanese Unexamined Patent Application Publication No.
3-706, Japanese Patent No. 3476793, Japanese Unexamined
Patent Application Publication No. 4-218508, and Japanese
Unexamined Patent Application Publication No. 2003-
105022 and metallocene catalysts described 1n International
Publication WO 01/53369, International Publication WO
01/27124, Japanese Unexamined Patent Application Publi-
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cation No. 3-193796, and Japanese Unexamined Patent
Application Publication No. 02-41303. The magnesium-
supported titantum catalyst 1s particularly preferably a mag-
nesium-supported titanium catalyst containing a polyether
as an electron donor component because a polymer having
a relatively narrow molecular weight distribution tends to be
obtained.

A metallocene catalyst 1s preferably used in the third
aspect of the present invention.

The metallocene catalyst 1s suitably an olefin polymer-
1zation catalyst containing a metallocene compound having
the following general formula (1) or (2).

|Formula 2]
(1)
R? &
R] B\ R4
Rl4
™~
Rl3 HY MQ}
RIZ RS
Rl 1 / \ Rﬁ
— e
R]U R?
R’ RS
|Formula 3]
(2)
R? &
R! R

wherein R', R*, R°, R*, R>, R°, R’, R®*, R”, R'°, R"", R*?,
R", and R'* are selected from hydrogen, hydrocarbon
groups, and hydrocarbon groups containing silicon and may
be the same or different from each other. The adjacent
substituents R' to R* may be bonded to each other to form
a ring. The adjacent substituents R> to R** may be bonded to
cach other to form a ring. A denotes a bivalent hydrocarbon
group having 2 to 20 carbon atoms and may contain an
unsaturated bond and/or an aromatic ring. A may contain
two or more ring structures, including a ring formed by A
and Y. M denotes a metal selected from the group 4 elements
of the periodic table. Y denotes carbon or silicon. (Q denotes
halogen, a hydrocarbon group, an anion ligand, or a neutral
ligand to which lone-pair electrons can coordinate. (Js may
be the same or diflerent from each other. 1 denotes an integer
in the range of 1 to 4.

R!. R2 R3 R* RS RS R7,R® R® R!°, R!! R!2 R!3 and
R' in the general formula (1) or (2) are selected from
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hydrogen, hydrocarbon groups, and hydrocarbon groups
containing silicon and may be the same or different from
cach other.

Examples of the hydrocarbon groups pretferably include
alkyl groups having 1 to 20 carbon atoms, arylalkyl groups
having 7 to 20 carbon atoms, aryl groups having 6 to 20
carbon atoms, and alkylaryl groups having 7 to 20 carbon
atoms. The hydrocarbon groups may have one or more ring
structures. Specific examples of the hydrocarbon groups
include methyl, ethyl, n-propyl, 1sopropyl, 2-methylpropyl,
1,1-dimethylpropyl, 2,2-dimethylpropyl, 1,1-diethylpropyl,
1-ethyl-1-methylpropyl, 1.1,2,2-tetramethylpropyl, sec-bu-
tyl, tert-butyl, 1,1-dimethylbutyl, 1,1,3-trimethylbutyl, neo-
pentyl, cyclohexylmethyl, cyclohexyl, 1-methyl-1-cyclo-
hexyl, 1-adamantyl, 2-adamantyl, 2-methyl-2-adamantyl,
menthyl, norbornyl, benzyl, 2-phenylethyl, 1-tetrahy-
dronaphthyl, 1-methyl-1-tetrahydronaphthyl, phenyl, naph-
thyl, and tolyl.

The hydrocarbon groups containing silicon are preferably
alkylsilyl or arylsilyl groups each having 1 to 4 silicon atoms
and 3 to 20 carbon atoms and specifically include trimeth-
ylsilyl, tert-butyldimethylsilyl, and triphenylsilyl. Prefer-
ably, R' and R> denote hydrogen, and R* denotes a hydro-
carbon group or a hydrocarbon group containing silicon.
More preferably, R* denotes a bulky substituent. Particularly
preferably, R* denotes a substituent having 4 or more carbon
atoms.

The adjacent substituents R> to R'* on the fluorene ring
may be bonded to each other to form a ring. Examples of
such a substituted fluorenyl group include benzofluorenyl,
dibenzofluorenyl, octahydrodibenzofluorenyl, and octam-
cthyloctahydrodibenzotluorenyl.

The substituents R> to R'* on the fluorene ring preferably
display bilateral symmetry, that is, R°=R'?, R°=R"Y,
R’=R'“, and R®*=R” in terms of ease with which the metal-
locene compound can be synthesized. Unsubstituted fluo-
rene, 3,6-disubstituted fluorene, 2,7-disubstituted fluorene,
or 2,3,6,7-tetrasubstituted fluorene 1s more preferred. The
positions 3, 6, 2, and 7 on the fluorene ring correspond to R”,
R', R® and R', respectively.

R and R'* in the general formula (1) are selected from
hydrogen and hydrocarbon groups and may be the same or
different. Preferred specific examples of the hydrocarbon
groups include those described above.

Y denotes carbon or silicon. In the general formula (1),
R"™ and R'* are bonded to Y to form a substituted methylene
group or a substituted silylene group as a cross-link. Pre-
terred specific examples include methylene, dimethylmeth-
ylene, diusopropylmethylene, methyl tert-butylmethylene,
dicyclohexylmethylene, methylcyclohexylmethylene, meth-
ylphenylmethylene, diphenylmethylene, methylnaphthylm-
cthylene, dinaphthylmethylene, dimethylsilylene, diisopro-
pylsilylene, methyl tert-butylsilylene, dicyclohexylsilylene,
methylcyclohexylsilylene, methylphenylsilylene, diphenyl-
silylene, methylnaphthylsilylene, and dinaphthylsilylene.

In the general formula (2), Y 1s bonded to A to form a
cycloalkylidene group or a cyclomethylenesilylene group. A
1s a bivalent hydrocarbon group having 2 to 20 carbon atoms
and may contain an unsaturated bond and/or an aromatic
ring. Preferred specific examples of the cycloalkylidene
group or the cyclomethylenesilylene group include cyclo-
propylidene, cyclobutylidene, cyclopentylidene, cyclohex-
ylidene, cycloheptylidene, bicyclo[3.3.1]nonylidene, nor-
bornylidene, adamantylidene, tetrahydronaphthylidene,
dihydroindanylidene, cyclodimethylenesilylene, cyclotrim-
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cthylenesilylene, cyclotetramethylenesilylene,
tamethylenesilylene, cyclohexamethylenesilylene,
cycloheptamethylenesilylene.

M 1n the general formulae (1) and (2) denotes a metal
selected from the group 4 elements of the periodic table.
Examples of M include titantum, zirconium, and hainium.

QQ denotes halogen, a hydrocarbon group having 1 to 20
carbon atoms, an anion ligand, or a neutral ligand to which
lone-pair electrons can coordinate. Qs may be the same or
different from each other. Specific examples of halogen
include fluorine, chlorine, bromine, and 1odine. Specific
examples of the hydrocarbon group include those described
above. Specific examples of the anion ligand include alkoxy
groups, such as methoxy, tert-butoxy, and phenoxy, carboxy-
late groups, such as acetates and benzoates, and sulfonate
groups, such as mesylates and tosylates. Specific examples
of the neutral ligand to which lone-pair electrons can coor-
dinate include organophosphorus compounds, such as trim-
cthylphosphine, triethylphosphine, triphenylphosphine, and
diphenylmethylphosphine, and ethers, such as tetrahydro-
turan, diethyl ether, dioxane, and 1,2-dimethoxyethane. Qs
may be the same or different from each other. Preferably, at
least one of Qs 1s halogen or an alkyl group.

Specific examples of the metallocene compound 1n the
present mvention suitably include compounds described in
International Publication No. WO 01/27124. However, these
compounds do not limit the scope of the present invention.

Among these compounds, metallocene compounds hav-
ing the general formula (1) are preferred 1n terms of molecu-
lar weight distribution and terminal structure.

In the production of a 4-methyl-1-pentene polymer 1n the
presence of a metallocene catalyst 1n the present invention,
the components ol the catalyst are at least one compound
selected from

(1) metallocene compounds having the general formula (1)
or (2),

(1) (11-1) organometallic compounds,

(11-2) organic aluminum oxy compounds, and

(11-3) compounds that can react with the metallocene
compounds (1) to form an 1on pair,

and, 11 necessary,

(11) a fine particle carrier.

The components of the catalyst can be used as a polym-
erization catalyst by a generally known method, {for
example, a method described in International Publication
No. WO 01/27124.

In the present invention, polymerization can be performed
by a liquid-phase polymerization method, such as solution
polymerization or suspension polymerization, or a gas-phase
polymerization method. In the liquid-phase polymerization
method, an inert hydrocarbon solvent may be used. Specific
examples of the 1nert hydrocarbon solvent includes aliphatic
hydrocarbons, such as propane, butane, pentane, hexane,
heptane, octane, decane, dodecane, and kerosene; alicyclic
hydrocarbons, such as cyclopentane, cyclohexane, and
methylcyclopentane; aromatic hydrocarbons, such as ben-
zene, toluene, and xylene; halogenated hydrocarbons, such
as ethylene chloride, chlorobenzene, and dichloromethane;
and mixtures thereof. Olefins including 4-methyl-1-pentene
to be polymerized can be used as solvents.

In polymernization, the amount of component (1) generally
ranges from 107" to 10~> mole, preferably 10~" to 10~ mole,
per liter of reaction volume.

The amount of the component (11-1) 1s such that the molar
ratio [(11-1)/M] of the component (11-1) to a transition metal
atom (M) 1n the component (1) generally ranges from 0.01 to
5000, preferably 0.05 to 2000. The amount of the component
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(11-2) 1s such that the molar ratio [(11-2)/M] of an aluminum
atom 1n the component (11-2) to a transition metal atom (M)

in the component (1) generally ranges from 10 to 5000,
preferably 20 to 2000. The amount of the component (11-3)
1s such that the molar ratio [(11-3)/M] of the component (11-3)
to a transition metal atom (M) 1n the component (1) generally
ranges from 1 to 10, preferably 1 to 5.

The temperature of polymerization of an olefin using such
an olefin polymerization catalyst generally ranges from —50°
C. to0 400° C., preferably 10° C. to 300° C., more preferably
10° C. to 250° C. An excessively low polymerization
temperature results 1n a decrease 1n polymerization activity
per unit catalyst and i1s therefore industrially unfavorable.

The polymerization pressure generally ranges from nor-
mal pressure to a gauge pressure of 10 MPa, preferably
normal pressure to a gauge pressure of 5 MPa. The polym-
erization reaction can be performed by a batch, semicon-
tinuous, or continuous process. The polymerization can also
be performed 1n two or more stages under different reaction
conditions.

In the polymerization, hydrogen can be added to control
the molecular weight or mtrinsic viscosity [n] of a product
polymer or polymerization activity. The appropriate amount
of hydrogen ranges from approximately 0.001 to 100,000
NL per kg of olefin.

When a 4-methyl-1-pentene polymer for use 1n the pres-
ent 1nvention 1s produced by polymerization, different types
of 4-methyl-1-pentene polymers can be produced by adjust-
ing the amounts of 4-methyl-1-pentene and olefin having 2
to 20 carbon atoms to be charged, the type of polymerization
catalyst, the polymerization temperature, or the amount of
hydrogen to be added 1n polymerization and thereby con-
trolling the melting point, stereoregularity, molecular
welght, or intrinsic viscosity [n]. When a 4-methyl-1-pen-
tene polymer for use in the present mnvention 1s produced by
thermal decomposition, the temperature and time of decom-
position ol a 4-methyl-1-pentene polymer base can be
controlled to obtain the intended molecular weight and
intrinsic viscosity [n].

5. Other Components of Resin Composition
Containing 4-Methyl-1-Pentene Polymer in First
and Second Aspects of the Present Invention

If necessary, a resin composition containing a 4-methyl-
1-pentene polymer according to the present invention may
contain an eflective amount of any additive agent without
compromising the objects and advantages of the present
invention. Examples of the additive agent include a flame
retardant, such as brominated bisphenols, brominated epoxy
resins, brominated polystyrenes, brominated polycarbon-
ates, triphenyl phosphate, phosphonic amide, and red phos-
phorus, a tlame retardant aid, such as antimony trioxide and
sodium antimonate, a heat stabilizer, such as phosphate and
phosphite, an antioxidant, such as hindered phenols, a heat-
resistant agent, a weathering agent, a light stabilizer, a
mold-release agent, a flow modifier, a colorant, a pigment,
a lubricant, an antistatic agent, a nucleating agent, a plasti-
cizer, and a foaming agent. A resin composition containing
a 4-methyl-1-pentene polymer according to the present
invention may also contain a known wax or a known
mold-release agent, such as a silicone-modified polyolefin
wax, a silicone-polyethylene block copolymer, or a silicone
mold-release agent. The amounts of these components pret-
erably range from 0% to 50% by weight, more preferably
0% to 10% by weight, particularly preferably 0% to 3% by
weilght.
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A propylene resin composition (Y) containing a 4-methyl-
1-pentene polymer that contains the propylene resin com-
position (X) as the resin (A) may contain another polymer as
an optional component without compromising the objects of
the present invention. The amount of the optional polymer 1s
preferably, but not limited to, in the range of approximately
0.1 to 30 parts by weight per 100 parts by weight of the
propylene resin composition (X) in the propylene resin
composition (Y) containing a 4-methyl-1-pentene polymer
according to the present invention.

Preferably, the optional polymer 1s an ethylene polymer or
copolymer mainly composed of ethylene (51% by mole or
more). The ethylene polymer or copolymer improves the
flexibility and the low-temperature characteristics of the
propylene resin composition (Y) containing a 4-methyl-1-
pentene polymer.

If necessary, the propylene resin composition (Y) con-
taining a 4-methyl-1-pentene polymer that contains the
propylene resin composition (X) as the resin (A) may
contain an additive agent, such as a weathering stabilizer, a
heat stabilizer, an anfistatic agent, an anti-slip agent, an
anti-blocking agent, an anti-fogging agent, a nucleating
agent, a lubricant, a pigment, a dye, a plasticizer, an age
resister, a hydrochloric acid absorbent, an antioxidant, and/
or a copper mhibitor, without compromising the objects of
the present invention.

6. Method for Producing Resin Composition
Containing 4-Methyl-1-Pentene Polymer 1n First
and Second Aspects of the Present Invention

A method for producing a resin composition containing a

4-methyl-1-pentene polymer according to the present inven-
tion may be any method. For example, the resin (A), the
4-methyl-1-pentene polymer (B-1) or (B-2), and other

optional components are appropriately mixed simultane-
ously or 1n any order 1n a tumbler, a V-type blender, a Nauta
mixer, a Banbury mixer, a kneading roll, or a single- or
twin-screw extruder.

When the propylene resin composition (X) 1s used as the
resin (A), a propylene resin composition (Y) containing a
4-methyl-1-pentene polymer preferably contains 0.01 to 10
parts by mass, more preferably 0.1 to 7 parts by mass, still
more preferably 0.2 to 5 parts by mass, of the 4-methyl-1-
pentene polymer (B-1) or (B-2) per 100 parts by weight of
the propylene resin composition (X).

The mixture of the propylene resin composition (X) and
the 4-methyl-1-pentene polymer (B-1) or (B-2) may be of
any form. A preferred embodiment 1s a mixture of the
propylene resin composition (X) and the 4-methyl-1-pen-
tene polymer (B-1) or (B-2) 1n a solid form (generally
referred to as “dry blend”) or mm a melt-blended form,
produced by the methods described above. The melt-
blended form also includes blending the 4-methyl-1-pentene
polymer (B-1) or (B-2) 1n the production of the propylene
resin composition (X) from a propylene polymer (A-1) and
a propylene polymer (A-1) or (A-2) to produce a propylene
resin composition (Y) containing a 4-methyl-1-pentene
polymer simultaneously with the production of the propyl-
ene resin composition (X).

7. Masterbatch for use 1in Production of
4-Methyl-1-Pentene Polymer Composition

In the present invention, a 4-methyl-1-pentene resin com-
position according to the present invention 1s generally
produced by mixing the resin (A) and the 4-methyl-1-
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pentene polymer (B-1) or (B-2) 1n a single step. However,
when the resin (A) and the 4-methyl-1-pentene polymer
(B-1) or (B-2) have a large difference in molecular weight or
melt viscosity at the forming temperature, or when the
amount ol 4-methyl-1-pentene polymer (B-1) or (B-2) 1s
small, the 4-methyl-1-pentene polymer (B-1) or (B-2) may
be msufliciently dispersed in the resin (A). Thus, the per-
formance expected as the eflects of the addition of the
4-methyl-1-pentene polymer (B-1) or (B-2), such as
improvement 1n mold releasability, 1s sometimes insuthicient
with respect to the amount of the 4-methyl-1-pentene poly-
mer (B-1) or (B-2). The production of a 4-methyl-1-pentene
resin composition by mixing the resin (A) and the 4-methyl-
l-pentene polymer (B-1) or (B-2) mn a single step as
described above may cause tluctuations 1n the discharge rate
of a forming machine, raising problems with productivity. In
the above-mentioned method, a well-shaped raw material
resin, such as pellets, can be transported pneumatically or by
suction through a pipe into a mixer or an extruder hopper. A
low-molecular-weight component may alter the shape and
may be fused, stick, or adhere to the imner wall of the pipe.

In accordance with a production method preferred 1n such
a case, a masterbatch that contains the resin (A) and the
4-methyl-1-pentene polymer (B-1) or (B-2) such that the
ratio of the 4-methyl-1-pentene polymer (B-1) or (B-2) to
the resin (A) 1s higher than the ratio 1n the final composition,
that 1s, a 4-methyl-1-pentene polymer composition accord-
ing to the present invention, 1s prepared in advance, and then
an additional resin (A) and the masterbatch are mixed to
produce a 4-methyl-1-pentene polymer composition accord-
ing to the present invention.

The masterbatch preferably contains 1 to 900 parts by
mass, preferably 3 to 300 parts by mass, more preferably 5
to 100 parts by mass, particularly preterably 5 to 50 parts by
mass, of the 4-methyl-1-pentene polymer (B-1) per 100
parts by mass of the resin (A).

The masterbatch contains 1 to 900 parts by mass, prei-
erably 3 to 300 parts by mass, more preferably 5 to 100 parts
by mass, particularly preferably 5 to 50 parts by mass, of the
4-methyl-1-pentene polymer (B-2) per 100 parts by mass of
the resin (A).

As a matter of course, a masterbatch according to the
present invention may contain components such as the
known additive agents described above.

Such a masterbatch can be produced by a known mixing
method using a tumbler, a mixer, a blender, a roll, or an
extruder, as described above. A 4-methyl-1-pentene polymer

composition can also be produced from the resin (A) and the
masterbatch in the same way.

8. Other Components of 4-Methyl-1-Pentene
Polymer 1n Third Aspect of the Present Invention

If necessary, a 4-methyl-1-pentene polymer according to
the third aspect of the present invention may contain an
cllective amount of any additive agent without compromis-
ing the objects and advantages of the present invention.
Examples of the additive agent include a flame retardant,
such as brominated bisphenols, brominated epoxy resins,
brominated polystyrenes, brominated polycarbonates, triph-
enyl phosphate, phosphonic amide, and red phosphorus, a
flame retardant aid, such as antimony trioxide and sodium
antimonate, a heat stabilizer, such as phosphate and phos-
phite, an antioxidant, such as hindered phenols, a heat-
resistant agent, a weathering agent, a light stabilizer, a
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mold-release agent, a flow modifier, a colorant, a pigment,
a lubricant, an antistatic agent, a nucleating agent, a plasti-
cizer, and a foaming agent.

9. Uses and Formed Products

A Tformed product of the resin composition containing a
4-methyl-1-pentene polymer 1n the first and second aspects
of the present invention 1s produced from the resin compo-
sition containing a 4-methyl-1-pentene polymer by a known
forming method, such as an extrusion molding method, an
injection molding method, a solution casting method, or an
inflation molding method, particularly preferably an extru-
sion molding method. A formed product of a resin compo-
sition containing a 4-methyl-1-pentene polymer according
to the present invention generally has a shape of a sheet, a
f1lm, a pipe, a tube, a profile for a window frame or a housing
material, or a laminate, preferably a sheet, a film, a pipe, or
a tube, particularly preferably a sheet or a film. A formed
product of a resin composition contaiming a 4-methyl-1-
pentene polymer according to the present invention 1s also
preferably a product formed by primary forming, such as
extrusion molding, injection molding, or solution casting,
followed by blow molding or drawing. For film or sheet
products, preferably, a resin composition containing a
4-methyl-1-pentene polymer 1s formed into a sheet, for
example, by a T-die extrusion molding method, and the sheet
1s uniaxially or biaxially stretched

These films are preferably used to make the best use of
their high melting point. More specifically, the films may be
semiconductor process films.

The films and sheets formed of a resin composition
containing a 4-methyl-1-pentene polymer are also prefer-
ably used to make the best use of their mold releasability.
More specifically, the films may be used as adhesive films
that include a known adhesive layer on the films. Examples
of the adhesive layer include an acrylic adhesive layer, an
ester adhesive layer, an olefin adhesive layer, and a urethane
adhesive layer. These adhesive layers can contain a material
having suitable adhesion to a base material of interest.

Other uses include polarizing plate protective films and
flat-panel display (FPD) protective films. These protective
films have a multilayer structure composed of a protective
layer for a polanizing plate or a FPD, the adhesive layer
described above, and a 4-methyl-1-pentene polymer film.

A Tormed product formed of the propylene resin compo-
sition (Y) containing a 4-methyl-1-pentene polymer that
contains the propylene resin composition (X) as the resin
(A) can be produced by directly forming the propylene resin
composition (Y) containing a 4-methyl-1-pentene polymer
or adding the 4-methyl-1-pentene polymer during forming
the propylene resin composition (X) (for example, the
4-methyl-1-pentene polymer is fed into a forming machine
(extruder) during forming the propylene resin composition
(X) 1n the forming machine (extruder)).

A method for processing the formed product of a propyl-

ene resin composition (Y) containing a 4-methyl-1-pentene
polymer 1s preferably a method for forming a propylene
resin composition (Y) containing a 4-methyl-1-pentene
polymer 1n a molten state involving a shear and/or uniaxial,
biaxial, or planar elongational tlow. Although any known
method may be used, specific examples of the forming
method primarily involving a shear flow include known
forming methods, such as extrusion molding, njection
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molding, and melt-blown molding. Specific examples of the

forming method primarily involving a uniaxial, biaxial, or
planar elongational flow include known forming methods,
such as T-die (1ilm) molding, blow molding, and drawing.
The molten state, as used herein, refers to the range of the

melting point of the composition X or more but less than
350° C., preferably 170° C. to 350° C.

Since the propylene resin composition (X) 1s thermody-

namically incompatible with a 4-methyl-1-pentene polymer,
the 4-methyl-1-pentene polymer 1s probably localized on the
surface of the formed product. Because of the eflects of a
4-methyl-1-pentene polymer (B) having high heat resistance
and low tackiness, the stickiness of the formed product 1s
reduced under various environments from room temperature
to high temperatures.

Preferred embodiments of a formed product produced
using the propylene resin composition (Y) containing a
4-methyl-1-pentene polymer as a resin composition contain-
ing a 4-methyl-1-pentene polymer include a sheet, a {ilm, a
pipe and tube, a bottle, a fiber, and a tape. Representative
examples of the uses of these formed products include, but
are not limited to, the following.

Cap liners, gaskets, glass interliners, doors, doorirames,
window Irames, cornices, baseboards, open frames, flooring,
ceiling matenals, wallpaper, stationery, oflice supplies, non-
slip sheets, building skin materials, pipes, electric wires,
sheaths, wire harnesses, protective film adhesive layers,
hot-melt adhesive materials, sanitary goods, medical bags
and tubes, nonwoven fabrics, elastic materials, fibers, shoe
soles, shoe midsoles, insoles, soles, sandals, packaging
films, sheets, food packaging films (outer layers, inner
layers, sealants, monolayers), stretch films, plastic wraps,
dishes, retort pouches, oriented films, and gas-permeable
f1lms.

In the third aspect of the present invention, a 4-methyl-
1 -pentene polymer according to the present invention 1s used
as a resin having high transparency, gas permeability, chemi-
cal resistance, and releasability, as well as excellent mold
releasability and heat resistance, in various fields, such as
medical devices, heat-resistant wires, heat-proot dishes, and
releasing materials.

A 4-methyl-1-pentene polymer according to the present
invention can be used for formed products, such as films,
bottles, and cases, as a thermoplastic or thermosetting resin
composition i which the 4-methyl-1-pentene polymer 1is
blended with a thermoplastic or thermosetting resin, provid-
ing excellent mold releasability and water repellency. In
injection molding, a 4-methyl-1-pentene polymer according
to the present invention can provide excellent metal mold
releasability.

EXAMPLES

While the present invention will now be more specifically
described 1n the following examples, the present invention 1s
not limited to these examples.

In the present invention and examples, unless otherwise
specified, properties are measured 1n the following manner.
Composition

Compositions were determined by '"C-NMR spectrum
analysis.

Intrinsic Viscosity

Intrinsic viscosities were measured 1n a decalin solvent at
135° C. The specific viscosity nsp ol approximately 20 mg
of a sample dissolved 1 15 ml of decalin was measured 1n
an o1l bath at 135° C. After the decalin solution was diluted
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with 5 ml of the decalin solvent, the specific viscosity nsp
was measured 1n the same manner. This dilution was per-
formed twice. nsp/C extrapolated to a concentration (C) of
0 was determined as the intrinsic viscosity.

IN]=lim(nsp/C)(C—=0[molecular weight])

Molecular Weight Distribution

The ratio (Mw/Mn) of weight-average molecular weight
(Mw) to number-average molecular weight (Mn) was deter-
mined by GPC measurement under the following conditions.
The weight-average molecular weight and the number-
average molecular weight were determined by the following
conversion method using a calibration curve, which was
prepared with a commercially available monodisperse stan-
dard polystyrene.

Apparatus: Gel permeation chromatograph Alliance
GPC2000 (manufactured by Waters Co.)

Solvent: o-dichlorobenzene

Column: TSK-gel column (manufactured by Tosoh

Co.)x4

Flow rate: 1.0 ml/min

Sample: 0.15 mg/mL o-dichlorobenzene solution

lemperature: 140° C.

Molecular weight conversion: PS equivalent/general-pur-
pose calibration

The coethicient of the Mark-Houwink viscosity equation
described below was used 1n the calculation of the general-
purpose calibration.

KPS=1.38x107% aPS=0.70 The coeflicient for polystyrene (PS):

KPE=5.06x10"% aPS=0.70 The coefficient for polyethylene (PE):

Melting Point (4-methyl-1-pentene polymer)

The melting point was measured with a differential scan-
ning calorimeter (DSC) by increasing the temperature of
approximately 5 mg of a sample 1n an aluminum pan to 280°
C., holding at 280° C. for five minutes, cooling the sample
to 30° C. at 10° C./min, holding at 30° C. for five minutes,
and then increasing the temperature at 10° C./min, during
which an endothermic peak was measured as a melting
point.

Critical Surface Tension

The contact angle was measured with an 1image process-
ing, solid-liquid interface analysis system (Dropmaster S00
manufactured by Kyowa Interface Science Co., Ltd.) at 23°
C. and 50% RH. Four liguid mixtures for a wetting tension
test having a known surface tension (ethylene glycol mono-
cthyl ether/formamide, surface tension: 31, 34, 37, and 40
mN/m) were dropped on a test sample. The measurement
was performed for five test samples. The mean value of the
measurements was calculated. Points (5 or more) defined by
cos O calculated from the contact angle 0 (Y-axis) and the
surface tensions of the test liquid mixtures (X-axis) were
plotted on the X-Y coordinates. The surface tension (X-axis)
corresponding to a point of intersection between a straight
line obtained from these points by the least squares method
and cos 0=1 was determined as a critical surface tension
(mN/m).

The test samples used for the measurement of critical
surface tension were prepared as described below. The
critical surface tension of each test sample was measured.

A 4-methyl-1-pentene polymer was cast on a SUS plate.
In the casting, the 4-methyl-1-pentene polymer was melted
on the SUS plate at 250° C. for five minutes in a nitrogen
atmosphere and was then cooled to normal temperature to be
solidified. The critical surface tension of this test sample was
measured.
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The measurement of the critical surface tension was
performed on a chill-rolled surface of a film sample.

Number of Terminal Double Bonds

The terminal double bonds of a 4-methyl-1-pentene poly-
mer according to the present invention are classified into
vinyl, vinylidene, disubstituted internal olefin, and trisub-
stituted internal olefin double bonds. The total amount of the
terminal double bonds is determined by 'H-NMR.

In the "H-NMR measurement of a 4-methyl-1-pentene
polymer, two (H1) of three proton peaks derived from the
vinyl group are observed in the range of approximately 4.8
to 5.0 ppm, and the remaining one proton peak (HI1") 1s
observed 1n the range of approximately 5.7 to 5.9 ppm.

Two proton peaks (H2) derived from the vinylidene group
are observed at approximately 4.7 ppm.

Two proton peaks (H3) derived from the disubstituted
internal olefin are observed in the range of approximately
5.2 to 5.4 ppm. One proton peak (H4) derived from the
trisubstituted internal olefin 1s observed in the range of

approximately 5.0 to 3.2 ppm.
The number of terminal double bonds L (/1000 carbon

atoms) 1s calculated by L=[2x(H1+H1")+3x(H2+H3)+6x
H4]x1000/3Ha, wherein Ha denotes the integrated value of
all the protons.

After 20 mg of a sample was completely dissolved 1n
approximately 0.5 ml of deuterated o-dichlorobenzene 1n an
NMR sample tube (5 mm¢), 'H-NMR was measured at 120°
C. with a INM-ECX400P nuclear magnetic resonance spec-
trometer manufactured by JEOL Ltd.

Mold Releasability

Examples 20 to 22 and Reference Examples 5 to 8

Three parts by mass of a 4-methyl-1-pentene polymer was
mixed (dry-blended) with 100 parts by mass of a polypro-
pylene resin (Prime Polypro F113G, manufactured by Prime
Polymer Co., Ltd., polypropylene homopolymer, melt tlow
rate=3 g/10 minutes). The mixture was then extruded with a
20 mm¢ single-screw extruder equipped with a T-die having
a lip width of 240 mm (manufactured by Tanaka Iron Works
Co., Ltd.). A molten mixture was extruded from the T-die at
a cylinder temperature of 230° C. and a die temperature of
230° C. The extrudate was then taken up at a chill-roll
temperature of 40° C. and a take-up speed of 1.0 m/min to
produce a cast {ilm having a thickness of 50 um.

A hundred parts by mass of a polyamide resin (Amilan
CM1041L0O, manufactured by Toray Industries, Inc.) mixed
(dry-blended) with 10 parts by mass of a 4-methyl-1-pentene
polymer was directly fed mnto a hopper of a 20 mmg¢
single-screw extruder equipped with a T-die having a lip
width of 240 mm (manufactured by Tanaka Iron Works Co.,
Ltd.). A molten mixture was extruded from the T-die at a
cylinder temperature of 300° C. and a die temperature of
300° C. The extrudate was then taken up at a chill-roll
temperature of 40° C. and a take-up speed of 1.0 m/min to
produce a cast film having a thickness of 50 um.

In accordance with JIS Z1707, two film samples having a
width of 15 mm were cut from the cast film and were
superposed such that non-chill-rolled surfaces of the film
samples face each other. Heat seal was performed with a
heat sealer manufactured by Tester Sangyo Co., Ltd. at a
sealing temperature of 170° C. for a polypropylene resin {ilm
or 230° C. for a polyamide resin film, at a sealing width of
5> mm, for a sealing time of 1.0 s, at a sealing pressure of 0.2
MPa, and at a lower bar temperature of 70° C. The heat-seal
strength (N/15 mm) was then measured at 23° C. and a test
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speed of 300 mm/min with a five-head universal testing
machine manufactured by Intesco Co., Ltd.

The mold releasability for polypropylene and polyamide
was assessed in accordance with the criteria described
below. 5
Mold Releasability for Polypropylene

The heat-seal strength of a polypropylene resin film 1s

Excellent: less than 0.3 N/15 mm

Fair: 0.3 or more but less than 1.0 N/15 mm

Poor: 1.0 N/15 mm or more
Mold Releasability for Polyamide

The heat-seal strength of a polyamide resin film 1s

Excellent: less than 1.5 N/15 mm

Fair: 1.5 or more but less than 3.0 N/15 mm

Poor: 3.0 N/15 mm or more
Blocking Resistance

A 4-methyl-1-pentene polymer was pulverized in a small
mill and was placed at 40° C. under a load of 400 g/cm” for
24 hours to evaluate blocking.

The blocking resistance 1s

Excellent: easily broken by hand

Fair: not easily but forcibly broken by hand

Poor: not broken even forcibly by hand
Low-Temperature Mold Releasability

In accordance with ASTM D1893, two 10 cmx15 cm film 25
samples were superposed such that a chill-rolled surface of
one film faces a surface of the other film opposite a chill-
rolled surface of the other film. The laminate was aged at 50°
C. under a load of 40 kg for three days. The peel strength
(mN/cm) was then measured at 23° C. and a test speed of 30
200 mm/min with a peel tester manufactured by Intesco Co.,
Ltd.

High-Temperature Mold Releasability

In accordance with JIS Z1707, two film samples having a
width of 15 mm were superposed such that non-chill-rolled
surfaces of the film samples face each other, and were
heat-sealed with a heat sealer manufactured by Tester
Sangyvo Co., Ltd. at a sealing temperature of 140° C.
(Examples 13 to 17 and Comparative Example 9), 170° C.
(Examples 1 to 9 and Comparative Examples 1 to 6), or 190° 40
C. and 230° C. (Examples 10 to 12, Reference Examples 1
to 4, and Comparative Examples 7 and 8), at a sealing width
of 5 mm, for a sealing time of 1.0 s, at a sealing pressure of
0.2 MPa, and at a lower bar temperature of 70° C. The
heat-seal strength (N/15 mm) was measured at 23° C. and a
test speed of 300 mm/min with a five-head universal testing,
machine manufactured by Intesco Co., Ltd.
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Examples 1 to 9 and Comparative Examples 1 to 6

The total hazes of films having the same thickness were
measured 1n accordance with JIS K7103.
Tensile Strength

The tensile yield stress was measured 1n a tensile test at

23° C. and a speed of 200 mm/min 1n accordance with JIS
K6781.
Film Appearance

The film appearance was visually inspected and evaluated
in accordance with the following critena.

Good: transparent and uniform

Poor: opaque or streaks
B Value

The B value was determined through "*C-NMR spectrum
analysis by a method described 1n Japanese Unexamined

Patent Application Publication No. 2007-186664.
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Stereoregularity (mm or mmmim)

Stereoregularity was determined by '"C-NMR spectrum
analysis.

The 1sotactic triad fraction (mm) was determined by the
method described in International Publication WO 2004-
087775 on page 21 line 7 to page 26 line 6.

The 1sotactic pentad fraction (mmmm) was calculated by
the method described 1n a prior publication (Japanese Unex-
amined Patent Application Publication No. 2003-147135).
Melting Point and Glass Transition Temperature (Propylene
Polymer)

On the basis of an exothermic/endothermic curve of DSC,
Tm was defined as the temperature of the maximum melting
peak during heating. A sample in an aluminum pan was (1)
heated to 200° C. at 100° C./min and held at 200° C. for five
minutes, (11) cooled to —=50° C. at 20° C./min, and then (111)
heated to 200° C. at 20° C./min. The exothermic/endother-
mic curve thus obtained was analyzed.

Shore A Hardness

After heating a sample with a hydraulic heat press set (100
um Lumirror (a PET film) was used as a mold-releasing film
in press forming) at 190° C. for five minutes, the sample was
pressed at 10 MPa for 2 minutes and cooled at 20° C. at a
pressure ol 10 MPa for four minutes to form a sheet having
a predetermined thickness. After the sheet was aged at room
temperature for 72 hours, a needle of an A-type measuring
instrument was pushed against the sheet, and the instrument
was immediately read (in accordance with ASTM D-2240).
The thickness of the sheet was 2 mm for the propylene
polymer (A) and the propylene resin composition (X) and 1
mm for the propylene resin composition (Y) as described in

the example.
Melt Flow Rate (MFR)

The MFR was measured at 190° C. or 230° C. under a
load of 2.16 kg 1n accordance with ASTM D-1238.

Transparency (Internal Haze, Total Haze, and Light
Transmittance)

Examples 18 and 19 and Comparative Examples 10
to 17

The amount of diffuse transmission light and the total
amount of transmitted light of a sheet having a thickness of
2 mm for the propylene resin composition (X) and a sheet
having a thickness of 1 mm for the propylene resin compo-
sition (Y) as described in the example were measured 1n a
cyclohexanol solution with a digital turbidimeter “NDH-
2000” manufactured by Nippon Denshoku Industries Co.,
Ltd. using a C light source. The hazes were calculated by
using the following equations.

Internal haze=100x{Amount of diffuse transmission
light)/(Total amount of transmitted light)

Total haze=100x(Amount of diffuse transmission
light)/(Total amount of transmitted light)

Total transmittance=100x(Total amount of transmit-
ted light)/(Amount of incident light)

Tackiness

First, an extruded sheet (having a thickness of 1 mm)
formed by the method described 1n the example was cut into
a sample having a length of 120 mm (1n the MD direction)
and a width of 12.7 mm. Samples were superposed such that
the same sides of the samples face each other. The resulting
specimen was placed under a load of 2.5 kgt for 24 hours
(processing temperature=23° C., 50° C.). After the specimen
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was left to stand at 23° C. for one day under no load, the peel
strength of the specimen was measured (T-peel, peel

rate=200 mm/min).
Adhesive Mold Releasability

An acrvlic adhesive tape (manufactured by Nitto Denko
Co., No. 31B) was attached to a surface of a film opposite
a chill-rolled surface of the film by moving a 2-kg hand
rubber roller back and forth twice on the film. The film was
cut mto a piece having a width of 25 mm and was aged at
23° C. for one hour. The 180° peel strength (N/50 mm) was
then measured at 23° C. and a test speed of 300 mm/min
with a peel tester manufactured by Intesco Co., Ltd.

Examples of First and Second Aspects of the
Present Invention

Synthesis Example 1
Synthesis of 4-Methyl-1-Pentene Polymer (1-b)

A 500 ml side-arm flask was charged with 150 g of a
4-methyl-1-pentene polymer (DX820 manufactured by Mit-
su1 Chemicals, Inc.) and was heated to 360° C. on a sand
bath while mitrogen was passed through the tlask. After the
polymer on the wall of the flask was melted, the temperature
was held at this temperature for two hours while stirring to
thermally decompose the 4-methyl-1-pentene polymer.
Cooling to normal temperature yielded a pyrolysate of the

4-methyl-1-pentene polymer. The pyrolysate had an intrinsic
viscosity [n] of 0.17 dl/g and Mw=21700, Mn=4840, and
Mw/Mn=4.48, as determined by GPC. The percentage A (%

by mass) of a component having a polystyrene equivalent
molecular weight of 1000 or less 1n the polymer was 3.94,
and the number of terminal double bonds was 3.6/1000
carbon atoms. Table 1 shows the properties of the pyroly-
sate.

Synthesis Example 2
Synthesis of 4-Methyl-1-Pentene Polymer (2-b)

Preparation of Catalyst Solution

A glass flask sufliciently purged with nitrogen was
charged with 0.5 umol 1sopropyl(3-t-butyl-5-methylcyclo-
pentadienyl)(3,6-di-t-butylfluorenyl)zirconmium  dichloride
and then 0.25 mmol (in terms of Al atom) of a solution of
MMAQO manufactured by Tosoh Finechem Co. (product
name MMAO-3A) in hexane as a promoter to prepare a
catalyst solution.
Polymerization

A glass autoclave having an internal volume of one liter
equipped with a stirrer and suthciently purged with nitrogen
was charged with 400 ml of decane and 100 ml of 4-methyl-
1-pentene and was left to stand at 30° C. for 10 minutes
while hydrogen (six liter/h) was passed through the auto-
clave. 0.25 mmol trizsobutylaluminum and then the catalyst
solution prepared as described above were added to the
autoclave to mitiate polymerization. After the polymeriza-
tion was performed at atmospheric pressure and 30° C. for
one hour while hydrogen (six liter/h) was continuously
supplied, a small amount of methanol was added to termi-
nate the polymerization. The polymer solution was poured
into four liter of a methanol/acetone mixture (volume ratio
4/1), and the polymer was recovered by filtration. The
polymer was dried at 80° C. under reduced pressure for 10
hours, vielding 15.5 g of the polymer. The polymer had an
intrinsic viscosity [1] of 0.08 dl/g and Mw=9040, Mn=4630,
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and Mw/Mn=1.94, as determined by GPC. The percentage
A (% by mass) of a component having a polystyrene
equivalent molecular weight of 1000 or less 1n the polymer

was 1.37, and the number of terminal double bonds was
0.1/1000 carbon atoms. Table 1 shows the properties of the

polymer.

Synthesis Example 3
Synthesis of 4-Methyl-1-Pentene Polymer (3-b)

Preparation of Catalyst Solution

A glass flask sufliciently purged with nitrogen was
charged with 1 umol 1sopropyl(3-t-butyl-5-methylcyclopen-
tadienyl)(3,6-di-t-butylfluorenyl)zirconium dichloride and
then 0.5 mmol (in terms of Al atom) of a solution of MMAO
manufactured by Tosoh Finechem Co. (product name
MMAQO-3A) in hexane as a promoter to prepare a catalyst
solution.
Polymerization

A glass autoclave having an internal volume of one liter
equipped with a stirrer and sufliciently purged with nitrogen
was charged with 561 ml of decane, 180 ml of 4-methyl-1-
pentene, and Dialen D168 (registered trademark) (9 ml) and
was left to stand at 30° C. for 10 minutes while hydrogen
(s1x liter/h) was passed through the autoclave. Dialen D168
1s a mixture of high-purity hexadecene and octadecene,
manufactured by Mitsubish1 Chemical Co. 0.375 mmol
trizsobutylaluminum and then the catalyst solution prepared
as described above were added to the autoclave to 1nitiate
polymerization. After the polymerization was performed at
atmospheric pressure and 30° C. for one hour while hydro-
gen (si1x liter/h) was continuously supplied, a small amount
of methanol was added to terminate the polymerization. The
polymer solution was poured 1nto four liter of a methanol/
acetone mixture (volume ratio 4/1), and the polymer was
recovered by filtration. The polymer was dried at 80° C.
under reduced pressure for 10 hours, yielding 37.6 g of the
polymer. The polymer had an intrinsic viscosity [n] of 0.13
dl/g and Mw=15900, Mn=4010, and Mw/Mn=3.97, as deter-
mined by GPC. The percentage A (% by mass) of a com-
ponent having a polystyrene equivalent molecular weight of
1000 or less 1n the polymer was 2.86, and the number of
terminal double bonds was 0.2/1000 carbon atoms. Table 1
shows the properties of the polymer.

Synthesis Example 4
Synthesis of 4-Methyl-1-Pentene Polymer (4-b)

An olefin polymerization catalyst that contains a known
magnesium-compound-supported titanium catalyst compo-
nent was used to copolymerize 4-methyl-1-pentene with
1-decene, yielding a 4-methyl-1-pentene polymer (4-b).
Table 1 shows the analysis results and properties of the
4-methyl-1-pentene polymer produced in the present syn-
thesis example.

Table 1 shows the analysis results and properties of the
4-methyl-1-pentene polymer produced in the present syn-

thesis example.

Synthesis Example 5
Synthesis of 4-Methyl-1-Pentene Polymer (5-b)

A 500 ml side-arm flask was charged with 150 g of a
4-methyl-1-pentene polymer (DX310 manufactured by Mit-
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su1 Chemicals, Inc.) and was heated to 360° C. on a sand
bath while mitrogen was passed through the tlask. After the
polymer on the wall of the flask was melted, the temperature
was held at this temperature for two hours while stirring to
thermally decompose the 4-methyl-1-pentene polymer.
Cooling to normal temperature yielded a pyrolysate of the
4-methyl-1-pentene polymer. Table 1 shows the analysis
results and properties of the 4-methyl-1-pentene polymer
produced in the present synthesis example.

Synthesis Example 6
Synthesis ol 4-Methyl-1-Pentene Polymer (6-b)

A 500 ml side-arm flask was charged with 150 g of a
4-methyl-1-pentene polymer (DX820 manufactured by Mit-
su1 Chemicals, Inc.) and was heated to 375° C. on a sand
bath while mitrogen was passed through the tlask. After the
polymer on the wall of the flask was melted, the temperature
was held at this temperature for two hours while stirring to
thermally decompose the 4-methyl-1-pentene polymer.
Cooling to normal temperature yielded a pyrolysate of the
4-methyl-1-pentene polymer. Table 1 shows the analysis
results and properties of the 4-methyl-1-pentene polymer
produced in the present synthesis example.

TABL.

(Ll

1

Properties of 4-methvl-1-pentene polvmers
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propylene polymer (a-1-1), which was a propylene-ethyl-
ene-a-olefin copolymer. Table 5 shows physical properties.

Synthesis Example 8
Synthesis of Propylene Polymer (a-1-2)

A propylene polymer (a-1-2), which was a propylene-
cthylene-a-olefin copolymer, was produced in the same
manner as i Synthesis Example 1 except that 13.7% by
mole ethylene, 67.0% by mole propylene, and 19.3% by
mole 1-butene were used. Table 5 shows physical properties.

Example 1

Ninety-five parts by mass of a polypropylene resin (Prime
Polypro J106G, manufactured by Prime Polymer Co., Ltd.,
polypropylene homopolymer, melt flow rate=15 g/10 min-
utes) and five parts by mass of a 4-methyl-1-pentene poly-
mer (1-b) were melt-kneaded at 240° C. with a twin-screw
extruder (intermeshing counter-rotating twin-screw, manu-
factured by Haake) to produce masterbatch pellets of a
polypropylene/4-methyl-1-pentene polymer. The melt flow

rate was measured at a temperature of 230° C. under a load
of 2.16 kg in accordance with ASTM D1238.

Synthesis Synthesis Synthesis Synthesis Synthesis Synthesis
example 1 example 2 example 3 example 4 example 5 example 6
1-b 2-b 3-b 4-b 5-b 6-b
Composition 4MP1 4MP1 4MP1 4MP1 4MP1 4MP1
component component component component component component
95.9 wt %, C10 100 wt %  93.5 wt %, Cl16 97.5 wt %, C10 86.1 wt %, C16 92.2 wt %, C10
component and C18 component and C18 component
4.1 wt % components 2.5 wt % components 7.8 wt %
6.5 wt % 13.9 wt %
[n]dL/g 0.17 0.08 0.13 1.14 0.10 0.08
Mn 4840 4650 4010 76300 2440 1860
Mw 21700 9040 15900 2772000 10200 7160
Mw/Mn 4.48 1.94 3.97 3.56 4.18 3.85
Melting 217 212 192 231 195 192
pomt (° C.)
Critical 25.4 26.8 27.0 24.0 25.1 26.3
surface
tension
(mN/m)
0.2 x [n]<1> 2.85 8.52 4.27 0.16 6.32 R.84
A value 3.94 1.37 2.86 0 8.34 13.35
Number of 3.6 0.1 0.2 0.2 5.7 8.2
terminal
double bonds
(/1000
carbon
atoms)
Synthesis Example 7 55  len parts by mass of the masterbatch pellets were then

Synthesis of Propylene Polymer (a-1-1)

16.4% by mole ethylene, 77.7% by mole propylene, 5.9%
by mole 1-butene, and diphenylmethylene(3-tert-butyl-5-
cthylcyclopentadienyl )(2,7-di-tert-butylfluorenyl))zirconium
dichlonide/methylaluminoxane (manufactured by Tosoh
Finechem Co., 0.3 mmol in terms of aluminum) as a
polymerization catalyst/promoter, prepared by the method
described 1n Japanese Unexamined Patent Application Pub-
lication No. 2007-186664 were polymerized 1n a hexane
solution 1in continuous polymerization facilities to produce a

60

65

mixed (dry-blended) with 90 parts by mass of a polypro-
pylene resin (Prime Polypro B221WA, manufactured by
Prime Polymer Co., Ltd., random polypropylene, melt tlow
rate=0.5 g/10 minutes). The resulting mixture was then
melt-kneaded 1n a 20 mm¢ single-screw extruder (manufac-
tured by Tanaka Iron Works Co., Ltd.) equipped with a T-die
having a lip width of 240 mm at a cylinder temperature of
210° C., a die temperature of 210° C., and a screw speed of
25 rpm to extrude a molten mixture from the T-die. The
extrudate was then taken up at a chill-roll temperature of 20°
C. and a take-up speed of 1.0 m/min to produce a cast film
having a thickness of 50 um.



US 9,657,117 B2

53

The physical properties of a film thus formed were
measured and shown in Table 2.

Example 2

A cast film was produced in the same way as 1n Example
1 except that 20 parts by mass of the masterbatch pellets
formed 1n Example 1 were mixed (dry-blended) with 80
parts by mass of the polypropylene resin (Prime Polypro
B221WA, manufactured by Prime Polymer Co., Ltd., ran-
dom polypropylene, melt flow rate=0.5 g/10 minutes).

The physical properties of a film thus formed were
measured and shown 1n Table 2.

Example 3

Ninety parts by mass of a polypropylene resin (Prime
Polypro I702, manufactured by Prime Polymer Co., Ltd.,
block polypropylene, melt tlow rate=2 g/10 minutes) and 10
parts by mass ol a 4-methyl-1-pentene polymer (2-b) were
melt-kneaded at 270° C. with a twin-screw extruder (inter-
meshing counter-rotating twin-screw, manufactured by
Haake) to produce masterbatch pellets of a polypropylene/
4-methyl-1-pentene polymer. The melt tlow rate was mea-
sured at a temperature of 230° C. under a load of 2.16 kg 1n
accordance with ASTM D1238.

Only the polypropylene resin (Prime Polypro J702, manu-
tactured by Prime Polymer Co., Ltd., block polypropylene,
melt flow rate=2 g/10 minutes) was then melt-kneaded at
270° C. 1 a twin-screw extruder (intermeshing counter-
rotating twin-screw, manufactured by Haake) 1in the same
way as described above to produce masterbatch pellets of
polypropylene alone.

Ten parts by mass of the masterbatch pellets of the
polypropylene/4-methyl-1-pentene polymer were then
mixed (dry-blended) with 90 parts by mass of the master-
batch pellets of polypropylene alone. The resulting mixture
was then melt-kneaded 1n a 20 mm¢ single-screw extruder
(manufactured by Tanaka Iron Works Co., Ltd.) equipped
with a T-die having a lip width of 240 mm at a cylinder
temperature of 230° C., a die temperature of 230° C., and a
screw speed of 25 rpm to extrude a molten mixture from the
T-die. The extrudate was then taken up at a chill-roll
temperature of 40° C. and a take-up speed of 1.0 m/min to
produce a cast film having a thickness of 50 um.

The physical properties of a film thus formed were
measured and shown 1n Table 2.

Example 4

A cast film was formed 1n the same manner as 1n Example
3 except that the forming temperature (the cylinder tem-
perature and the die temperature) was 270° C. The cast film
was subjected to the same tests. Table 2 shows the results.

Example 5

A cast film was formed 1n the same manner as 1n Example
4 except that the forming speed (take-up speed) was 2.0
m/min. The cast film was subjected to the same tests. Table
2 shows the results.

Example 6

A cast film was formed 1n the same manner as 1n Example
3 except that (3-b) was used as the 4-methyl-1-pentene
polymer. The cast {ilm was subjected to the same tests. Table
2 shows the results.
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Example 7

A cast film was formed in the same way as in Example 6

except that the forming temperature (the cylinder tempera-
ture and the die temperature) was 270° C. The cast film was
subjected to the same tests. Table 2 shows the results.

Example 8

A cast film was formed in the same way as in Example 7
except that 70 parts by mass of the masterbatch pellets of PP
alone produced in Example 3 were mixed (dry-blended)
with 30 parts by mass of masterbatch pellets of a polypro-

pylene/4-methyl-1-pentene polymer. The cast film was sub-
jected to the same tests. Table 2 shows the results.

Example 9

Ninety-mine parts by mass of the polypropylene resin
(Prime Polypro J702, manufactured by Prime Polymer Co.,
Ltd., block polypropylene, melt tlow rate=2 g/10 minutes)
mixed (dry-blended) with one part by mass of a 4-methyl-
1 -pentene polymer (3-b) was directly fed into a hopper of a
20 mm¢ single-screw extruder equipped with a T-die having
a lip width of 240 mm (manufactured by Tanaka Iron Works
Co., Ltd.). A molten mixture was extruded from the T-die at
a cylinder temperature of 230° C., a die temperature of 230°
C., and a screw speed of 25 rpm. The extrudate was then
taken up at a chill-roll temperature ot 40° C. and a take-up
speed of 1.0 m/min to produce a cast film having a thickness
of 50 um. Table 2 shows the results.

Comparative Example 1

The polypropylene resin (Prime Polypro B221 WA, manu-
factured by Prime Polymer Co., Ltd., random polypropyl-
ene, melt tlow rate=0.5 g/10 minutes) was melt-kneaded 1n
a 20 mm¢ single-screw extruder equipped with a T-die
having a lip width of 240 mm (manufactured by Tanaka Iron
Works Co., Ltd.) at a cylinder temperature of 210° C., a die
temperature of 210° C., and a screw speed of 25 rpm to
extrude a molten mixture from the T-die. The extrudate was
then taken up at a chill-roll temperature of 20° C. and a
take-up speed of 1.0 m/min to produce a cast film having a
thickness of 50 um. Table 2 shows the results.

Comparative Example 2

A cast fillm was formed in the same manner as 1n Example
3 except that the 4-methyl-1-pentene polymer was not used.
The cast film was subjected to the same tests. Table 2 shows
the results.

Comparative Example 3

998 parts by mass of the polypropylene resin (Prime
Polypro 1702, manufactured by Prime Polymer Co., Ltd.,
block polypropylene, melt flow rate=2 g/10 minutes) and 0.2
parts by mass of an anti-blocking agent (silica) were melt-
kneaded at 270° C. in a twin-screw extruder (intermeshing
counter-rotating twin-screw, manufactured by Haake) to
form masterbatch pellets. The melt flow rate was measured
at a temperature of 230° C. under a load of 2.16 kg 1n
accordance with ASTM D1238.

The masterbatch pellets were then melt-kneaded 1 a 20
mm¢ single-screw extruder equipped with a T-die having a
lip width of 240 mm (manufactured by Tanaka Iron Works
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Co., Ltd.) at a cylinder temperature of 230° C., a die
temperature of 230° C., and at a screw speed of 25 rpm to
extrude a molten mixture from the T-die. The extrudate was
then taken up at a chill-roll temperature of 40° C. and a
take-up speed of 1.0 m/min to produce a cast film having a

thickness of 50 um.

The physical properties of a film thus formed were
measured and shown in Table 2.

Comparative Example 4

A cast film was formed in the same manner as 1 Com-
parative Example 3 except that the anti-blocking agent
(silica) was replaced with a lubricant (erucamide). The cast
film was subjected to the same tests. Table 2 shows the
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results.

Type of resin
Mold-release
additive
Addition
method
Amount [wt %]
Forming
temperature

" C.]

Forming speed
[m/min]
Critical
surface

tension
[mN/m]

Low-
temperature
mold

releasability
ImN/cm]

High-
temperature
mold
releasability
[N/15 mm]
170° C.
Total haze
[Vo]

Tensile
strength
[MPa]

Type of resin
Mold-release
additive
Addition
method
Amount |[wt %]
Forming
temperature

" €]
Forming speed
[m/min]
Critical
surface

tension
[mN/m]

Example Example
1 2

1-a 1-a

1-b 1-b
MB MB

0.5 1
210 210

26.4 26.0

0.69 0.64

Comparative
example 1

1-a
None

210

27.2

56

Comparative Example 5

A cast film was formed in the same manner as in Com-
parative Example 4 except that the polypropylene resin was
99.5 parts by mass and the lubricant (erucamide) was 0.5
parts by mass. The cast film was subjected to the same tests.
Table 2 shows the results.

The extrusion molding produced surging and oily smoke

or malodor.

Comparative Example 6

Comparative Example 6 was the same as Comparative
Example 4 except that the polypropylene resin was 99 parts
by mass and the lubricant (erucamide) was 1 part by mass.
The extrusion molding considerably produced surging and
o1ly smoke or malodor and was diflicult to perform. Table 2

shows the results.

TABLE 2

Physical properties of films

Example

3

2-a
2-b

MB

1
230

25.8

2.2

1.3

79

17/16

Comparative
example 2

2-a
None

230

27.9

Example Example Example Example Example Example
4 5 6 7 8 9

2-a 2-a 2-a 2-a 2-a 2-a
2-b 2-b 3-b 3-b 3-b 3-b

MB B MB B MB DB

1 1 1 1 3 1
2770 270 230 270 270 230

244 24.8 264 24.4 24.2 20.7

3.1 3.8 2.5 24 1.5 4.0

0.7 1.4 3.9 1.1 0.2 4.9

79 78 79 78 79 79

17/16 17/17 17/16 17/16 16/16 17/16

Comparative
example 6

Comparative
example 5

Comparative
example 4

Comparative
example 3

2-a 2-a 2-a 2-a
Silica Erucamide Erucamide Erucamide

MB MB MB MB

0.2 0.2 0.5 1
230 230 230 230

27.0 27.0 27.4 —
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TABLE 2-continued

Physical properties of films

58

0.72 5.2 4.3

Low-
temperature
mold
releasability
[mN/cm]
High- —
temperature

mold

releasability

[N/15 mm]

170° C.

Total haze — 79 78
[~o]

Tensile —

strength
[MPa]

17.1 17.3

17/16 17/16

l1-a: random polypropylene resin

2-a: block polypropylene resin

MB: masterbatch

DB: dry blend

Forming temperature: cylinder temperature and die temperature

Forming speed: take-up speed

In Comparative Example 5, extrusion molding produced
surging and oi1ly smoke or a malodor.

In Comparative Example 6, extrusion molding considerably
produced surging and oily smoke or a malodor and was
difficult to perform.

Example 10

Ninety-seven parts by mass of the polyamide resin (Ami-
lan CM1041L0O, manufactured by Toray Industries, Inc.,
melting point 225° C.) mixed (dry-blended) with three parts
by mass of the 4-methyl-1-pentene polymer (1-b) was
directly supplied 1mnto a hopper of a 20 mm¢ single-screw
extruder equipped with a 'T-die having a lip width of 240 mm
(manufactured by Tanaka Iron Works Co., Ltd.). A molten
mixture was extruded from the T-die at a cylinder tempera-
ture of 300° C., a die temperature of 300° C., and a screw
speed of 25 rpm. The extrudate was then taken up at a
chill-roll temperature of 40° C. and a take-up speed of 1.0
m/min to produce a cast film having a thickness of 50 um.

The physical properties of a film thus formed were
measured and shown 1n Table 3.

Example 11

A cast f1llm was formed 1n the same way as in Example 10
except that 90 parts by mass of the polyamide resin (Amilan
CM1041LO, manufactured by Toray Industries, Inc., melt-
ing point 225° C.) was mixed (dry-blended) with 10 parts by
mass of the 4-methyl-1-pentene polymer (1-b).

The physical properties of a film thus formed were
measured and shown in Table 3.

Example 12

A cast film was formed 1n the same way as 1n Example 10
except that 90 parts by mass of the polyamide resin (Amilan
CM1041L0O, manufactured by Toray Industries, Inc., melt-
ing point 225° C.) was mixed (dry-blended) with 10 parts by
mass ol the 4-methyl-1-pentene polymer (2-b).

The physical properties of a film thus formed were
measured and shown 1n Table 3.
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4.6 2.6 —

17.5 17.4 —

78 78 —

17/16 17/16 —

Reference Example 1

A cast film was formed 1n the same way as 1n Example 10
except that 97 parts by mass of the polyamide resin (Amilan
CM1041L0O, manufactured by Toray Industries, Inc., melt-
ing point 225° C.) was mixed (dry-blended) with 3 parts by
mass ol the 4-methyl-1-pentene polymer (4-b).

The physical properties of a film thus formed were
measured and shown 1n Table 3.

Reference Example 2

A cast f1lm was formed 1n the same way as in Example 10
except that 90 parts by mass of the polyamide resin (Amilan
CM1041L0O, manufactured by Toray Industries, Inc., melt-
ing point 225° C.) was mixed (dry-blended) with 10 parts by
mass ol the 4-methyl-1-pentene polymer (4-b).

The physical properties of a film thus formed were
measured and shown 1n Table 3.

Reference Example 3

A cast film was formed 1n the same way as 1n Example 10
except that 80 parts by mass of the polyamide resin (Amilan
CM1041L0O, manufactured by Toray Industries, Inc., melt-
ing point 225° C.) was mixed (dry-blended) with 20 parts by
mass ol the 4-methyl-1-pentene polymer (4-b).

The physical properties of a film thus formed were
measured and shown 1n Table 3.

Reference Example 4

A cast f1lm was formed 1n the same way as in Example 10
except that 60 parts by mass of the polyamide resin (Amilan
CM1041L0O, manufactured by Toray Industries, Inc., melt-
ing point 225° C.) was mixed (dry-blended) with 40 parts by
mass ol the 4-methyl-1-pentene polymer (4-b).

The physical properties of a film thus formed were
measured and shown in Table 3.

Comparative Example 7

The polyamide resin (Amilan CM1041L0O, manufactured
by Toray Industries, Inc., melting point 225° C.) was melt-
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kneaded 1n a 20 mm¢ single-screw extruder equipped with
a T-die having a lip width of 240 mm (manufactured by
Tanaka Iron Works Co., Ltd.) at a cylinder temperature of
300° C., a die temperature of 300° C., and a screw speed of
25 rpm to extrude a molten mixture from the T-die. The
extrudate was then taken up at a chill-roll temperature of 40°
C. and a take-up speed of 1.0 m/min to produce a cast film

having a thickness of 50 um.
The physical properties of a film thus formed were

measured and shown i1n Table 3.

Comparative Example 8

Comparative Example 8 was the same as Example 10
except that 40 parts by mass of the polyamide resin (Amilan
CM1041L0O, manufactured by Toray Industries, Inc., melt-
ing point 225° C.) was mixed (dry-blended) with 60 parts by
mass of the 4-methyl-1-pentene polymer (4-b). However, a
uniform film could not be formed. Thus, the critical surface

tension and the high-temperature mold releasability could 2¢

not be evaluated.

Table 3 shows the results.
Reference Examples 1 to 4 comply with the second aspect

of the present invention.

TABLE 3

5

10

15

Physical properties of films
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Co., melt tlow rate=7 g/10 minutes) and 10 parts by mass of
the 4-methyl-1-pentene polymer (3-b) were melt-kneaded at
230° C. 1n a twin-screw extruder (co-rotating twin screw
KZW-15, manufactured by Technovel Co.) to produce mas-
terbatch pellets of a low-density polyethylene/4-methyl-1-
pentene polymer. The melt flow rate was measured at a

temperature ol 190° C. under a load of 2.16 kg 1n accordance
with ASTM D1238.

Ten parts by mass of the masterbatch pellets were then
mixed (dry-blended) with 90 parts by mass of the low-
density polyethylene resin (Novatec LD LC600A, manufac-
tured by Japan polyethylene Co., melt flow rate=7 g/10
minutes). The resulting mixture was then fed to a 20 mmg
single-screw extruder (manufactured by Tanaka Iron Works
Co., Ltd.) equipped with a T-die having a lip width of 240
mm at a cylinder temperature of 230° C. and a die tempera-
ture of 230° C. to extrude a molten mixture from the T-die.
The extrudate was then taken up at a chill-roll temperature

ol 40° C. and a take-up speed of 1.5 m/min to produce a cast
film having a thickness of 50 um.

The physical properties of a film thus formed were
measured and shown in Table 4.

Example
12

Example Example
10 11

3-a
1-b

3-a
1-b

3-a
2-b

3-a
4-b

3-a
4-b

Type of resin
Mold-release
additive
Addition
method
Amount [wt %] 3
Forming 300
temperature

[ C.]

Forming speed 1 1 1
[m/min]
Critical
surface
tension
[mN/m]
High-
temperature
mold
releasability
[N/15 mm]
190° C.
High-
temperature
mold
releasability
[N/15 mm]
230° C.
Film
appearance

DB DB DB DB DB

10
300

10
300

10 3
300 300

29.%8 29.2 299 23.3 22.9

0.4 0 0 0.1 U

18 2.0 1.0 9.2 0.5

Good Good Good Good Good

3-a: polyamde resin
MB: masterbatch
DB: dry blend

Forming temperature: cylinder temperature and die temperature
Forming speed: take-up speed

In Comparative Example 8, a uniform film could not be
formed, and the critical surface tension and the high-tem-
perature mold releasability could not be evaluated

Example 13

Ninety parts by mass of a low-density polyethylene resin
(Novatec LD LC600A, manufactured by Japan polyethylene

60

Reference Reference Reference Reference Comparative Comparative
example 1 example 2 example 3 example 4

example 7 example 8

3-a
4-b

3-a
4-b

3-a
None

3-a
4-b
DB

DB DB

60
300

20
300

40

300 300

22.8 22.5 40.5

0.5

0.2 0.1 23

Good Good Good Poor

Example 14

Masterbatch pellets of a low-density polyethylene/4-
methyl-1-pentene polymer were formed 1n the same manner

65 as in Example 13 except that (5-b) was used as the 4-methyl-

1-pentene polymer. Ten parts by mass of the masterbatch
pellets were mixed (dry-blended) with 90 parts by mass of
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the low-density polyethylene resin (Novatec LD LC600A,
manufactured by Japan polyethylene Co., melt tlow rate=7
g/10 minutes). A cast {ilm was formed 1n the same way as 1n
Example 13 and was subjected to the same tests. Table 4
shows the results.

Example 15

Ninety-nine parts by mass of the low-density polyethyl-
ene resin (Novatec LD LC600A, manufactured by Japan
polyethylene Co., melt tlow rate=7 g/10 minutes) mixed
(dry-blended) with one part by mass of a 4-methyl-1-
pentene polymer (5-b) was directly fed into a hopper of a 20
mm¢ single-screw extruder equipped with a T-die having a
lip width of 240 mm (manufactured by Tanaka Iron Works
Co., Ltd.). A molten mixture was extruded from the T-die at
a cylinder temperature of 230° C. and a die temperature of
230° C. The extrudate was then taken up at a chill-roll
temperature of 40° C. and a take-up speed of 1.5 m/min to
produce a cast film having a thickness of 50 um. Table 4
shows the results.

Example 16

A cast film was produced in the same way as 1n Example
13 except that 30 parts by mass of the masterbatch pellets
formed 1n Example 14 were mixed (dry-blended) with 70
parts by mass of the low-density polyethylene resin (INo-
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vatec LD LC600A, manufactured by Japan polyethylene
Co., melt flow rate=7 g/10 minutes).

The physical properties of a film thus formed were
measured and shown in Table 4.

Example 17

Masterbatch pellets of a low-density polyethylene/4-
methyl-1-pentene polymer were formed in the same way as
in Example 13 except that (6-b) was used as the 4-methyl-
1-pentene polymer. Ten parts by mass of the masterbatch
pellets were mixed (dry-blended) with 90 parts by mass of
the low-density polyethylene resin (Novatec LD LC600A,
manufactured by Japan polyethylene Co., melt flow rate=7
g/10 minutes). A cast film was formed 1n the same way as 1n
Example 13 and was subjected to the same tests. Table 4
shows the results.

Comparative Example 9

The low-density polyethylene resin (Novatec LD
LC600A, manufactured by Japan polyethylene Co., melt
flow rate=7 g/10 minutes) was fed to a 20 mm¢ single-screw
extruder equipped with a T-die having a lip width of 240 mm
(manufactured by Tanaka Iron Works Co., Ltd.) at a cylinder
temperature of 230° C. and a die temperature of 230° C. to
extrude a molten mixture from the T-die. The extrudate was
then taken up at a chill roll temperature of 40° C. and a
take-up speed of 1.5 m/min to produce a cast film having a
thickness of 50 um.

The physical properties of a film thus formed were
measured and shown in Table 4.

TABLE 4

Physical properties of films

Type of resin

Mold-release

additive
Addition
method

Amount [wt %]

Forming
temperature
" ¢

Forming speed

[m/min]
Critical
surface
tension
[mN/m]
Low-
temperature
mold

releasability

[mN/cm]
High-
temperature
mold

releasability

[N/15 mm)]
140° C.

Adhesive mold

releasability

[N/50 mm]

Example Example Example Example Example Comparative
13 14 15 16 17 example 9
4-a 4-a 4-3 4-a 4-a 4-3
3-b 5-b 5-b 5-b 6-b None
MB MB DB MB MB —
1 1 1 3 1 —
230 230 230 230 230 230
1.5 1.5 1.5 1.5 1.5 1.5
26.2 25.5 25.7 25.3 26.4 26.7
1.5 1.9 2.0 0.8 1.4 28.2
0.9 1.1 1.3 0.8 0.8 7.7
3.6 3.8 4.0 3.4 3.1 5.5

4-a: Low-density polyethylene resin
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Example 18

Ninety parts by weight of the propylene polymer (a-1-1)
as the propylene polymer (A-1), 10 parts by weight of an
1sotactic homopolypropylene (a-2-1) (Tm=164° C., MFR
(230° C.)=7.0 g/10 minutes, mmmm=96.5%, Mw/Mn=4.3)
as the propylene polymer (A-2), and a heat stabilizer (500
ppm Irgafos 168 and 500 ppm Irganox 1076 both from Ciba
Specialty Chemicals Co., Ltd. based on the propylene poly-
mer (a-1-1) and the propylene polymer (a-2-1)) were melt-
kneaded at 190° C. to produce a propylene resin composition
(x-1).

A hundred parts by weight of the propylene resin com-
position (x-1) blended with one part by weight of the
4-methyl-1-pentene polymer (3-b) was melt-kneaded (form-
ing temperature=230° C.) m a 40 mm¢ single-screw
extruder (L/D=26, full-thght screw) to extrude a sheet of a
propylene resin composition (y1) having a thickness of 1
mm. The physical properties of the sheet were measured.
Table 5 shows the physical properties.

Example 19

A propylene resin composition (x-2) was prepared 1n the
same manner as 1n Example 18 except that 85 parts by
weight of the propylene polymer (a-1-2) was used as the
propylene polymer (A-1) in place of 90 parts by weight of
the propylene polymer (a-1-1) and that the propylene poly-
mer (a-2-1) was 15 parts by weight.

A hundred parts by weight of the propylene resin com-
position (x-2) blended with one part by weight of the
4-methyl-1-pentene polymer (3-b) was melt-kneaded (form-
ing temperature=230° C.) m a 40 mm¢ single-screw
extruder (L/D=26, full-thght screw) to extrude a sheet of a
propylene resin composition (y2) having a thickness of 1
mm. The physical properties of the sheet were measured.
Table 5 shows the physical properties.

Comparative Example 10

A sheet of a propylene resin composition (y3) having a
thickness of 1 mm was extruded in the same manner as in
Example 18 except that the propylene resin composition
(x-1) was not blended with the 4-methyl-1-pentene polymer
(3-b). The physical properties of the sheet were measured.
Table 5 shows the physical properties.

Comparative Example 11

A sheet of a propylene resin composition (v4) having a
thickness of 1 mm was extruded in the same manner as in
Example 18 except that the propylene resin composition
(x-1) was blended with one part by weight of a polypropyl-
ene wax (grade NP505, manufactured by Mitsui Chemicals,
Inc., melting point=131° C., melt viscosity (180° C.)=650
mPa-s) 1 place of the 4-methyl-1-pentene polymer (3-b).
The physical properties of the sheet were measured. Table 5
shows the physical properties.

Comparative Example 12

A sheet of a propylene resin composition (y5) having a
thickness of 1 mm was extruded in the same manner as in
Example 18 except that the propylene resin composition
(x-1) was blended with one part by weight of a polyethylene

10

15

20

25

30

35

40

45

50

55

60

65

64

wax (grade 420P, manufactured by Mitsu1 Chemicals, Inc.,
melting point=113° C., melt viscosity (180° C.)=650 mPa-s)
in place of the 4-methyl-1-pentene polymer (3-b). The
physical properties of the sheet were measured. Table 5
shows the physical properties.

Comparative Example 13

A sheet of a propylene resin composition (y6) having a
thickness of 1 mm was extruded 1n the same manner as in
Example 18 except that the propylene resin composition
(x-1) was blended with 1500 ppm (0.15 parts by weight) of
crucamide (Alflow P-10, manufactured by NOF Co.) 1n
place of the 4-methyl-1-pentene polymer (3-b). The physical
properties of the sheet were measured. Table 5 shows the
physical properties.

Comparative Example 14

A sheet of a propylene resin composition (y7) having a
thickness of 1 mm was extruded 1n the same manner as in
Example 19 except that the propylene resin composition
(x-2) was not blended with the 4-methyl-1-pentene polymer
(3-b). The physical properties of the sheet were measured.
Table 5 shows the physical properties.

Comparative Example 15

A sheet of a propylene resin composition (y8) having a
thickness of 1 mm was extruded in the same manner as in
Example 19 except that the propylene resin composition
(x-2) was blended with one part by weight of a polypropyl-
ene wax (grade NP505, manufactured by Mitsui Chemicals,
Inc., melting point=151° C., melt viscosity (180° C.)=650
mPa-s) i place of the 4-methyl-1-pentene polymer (3-b).
The physical properties of the sheet were measured. Table 5
shows the physical properties.

Comparative Example 16

A sheet of a propylene resin composition (y9) having a
thickness of 1 mm was extruded 1n the same manner as in
Example 19 except that the propylene resin composition
(x-2) was blended with one part by weight of a polyethylene
wax (grade 420P, manufactured by Mitsu1 Chemicals, Inc.,
melting pomnt=113° C., melt viscosity (180° C.)=650 mPa-s)
in place of the 4-methyl-1-pentene polymer (3-b). The
physical properties of the sheet were measured. Table 5
shows the physical properties.

Comparative Example 17

A sheet of a propylene resin composition (y10) having a
thickness of 1 mm was extruded in the same manner as in
Example 19 except that the propylene resin composition
(x-2) was blended with 1500 ppm (0.15 parts by weight) of
erucamide (Alflow P-10, manufactured by NOF Co.) 1n
place of the 4-methyl-1-pentene polymer (3-b). The physical
properties of the sheet were measured. Table 5 shows the
physical properties.



Propylene polymer (A-1)
Amount

Comonomer composition
B value

Isotactic triad fraction
Mw/Mn

Tm

lg

Shore A hardness

MEFR (230° C.)
Propylene polymer (A-2)
Amount

Tm

Isotactic pentad fraction
MFER (230° C.)

Mw/Mn

Propylene composition (X)

Amount

Shore A hardness
Internal haze (2 mmt
pressed sheet)

Total light transmittance
(2 mmt pressed sheet)

MFR(230° C.)

4-methyl-1-pentene polymer (B)

Wax etc.
Amount

Comonomer composition

Intrinsic viscosity [n]
Mw/Mn

Tm

Critical surface tension
0.2 x [n]&1>

A

Number of terminal

double bonds

Propylene resin composition (Y)

Tackiness, treated at
23° C.

Tackiness, treated at
50° C.

Shore A hardness

Total haze (1 mmt
extruded sheet)

Total light transmittance
(1 mmt extruded sheet)

Propylene polymer (A-1)
Amount

Comonomer composition
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Mw/Mn
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lg

Shore A hardness
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Amount
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Amount
Shore A hardness

Internal haze (2 mmt
pressed sheet)
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TABLE 5

06

Comparative Comparative Comparative Comparative

Example 18 example 10 example 11 example 12
a-1-1
90
ethylene/propylene/1-butene = 16.4/77.7/5.9
1.0
90.3
2.1
Not observed
-29
75
6.5
a-2-1
10
164.0
96.5
7.0
4.3
x-1
100
84
4
97
6.9
3-b — — —
— PP*1 PE*2
1 1 1
4MP1
component
93.5 wt %,
C1l6 and
C18
components
6.5 wt %
0.13
3.97
192
27.0
4.27
2.86
0.2
vl y3 yv4 A2
0.4 0.7 0.6 0.7
1.4 4.5 4.4 3.5
87 86 87 87
9.2 6.5 7.2 12.4
90.2 91.5 91.3 89.4
Comparative Comparative Comparative Comparative
Example 19 example 14 example 15 example 16

ethylene/propylene/1-butene = 13.7/67.0/19.3

a-1-2
&5

1.0
92.1
2.1
Not observed
-29
44
7.5
a-2-1
15
164.0
96.5
7.0
4.3
X-2
100
71

6

example 13

amide™®3
0.15

0.2

0.9

86
7.3

91.3

example 17
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TABLE 5-continued

Total light transmittance (2 %

mmt pressed sheet)

MFEFR(230° C.) g/10 min
4-methyl-1-pentene polymer (B) 3-b —
Wax etc. —
Amount parts by weight 1
Comonomer composition 4MP1

component

93.5 wt %,

C16 and
CI18
components
6.5 wt %

Intrinsic viscosity [n] dl/g 0.13
Mw/Mn 3.97
Tm ° C. 192
Critical surface tension mN/m 27.0
0.2 x [ 427
A 2.86
Number of terminal double 0.2
bonds
Propylene resin composition (Y) y2 y7/
Tackiness, treated at N/cm 0.6 4.8
23° C.
Tackiness, treated at N/cm 1.9 8.5
50° C.
Shore A hardness 74 74
Total haze (1 mmt % 8.4 8.5
extruded sheet)
Total light transmittance (1 % 90.5 91.2

mmt extruded sheet)

PP*1: Polypropylene wax

PE*2: Polyethylene wax
Amide™3: erucamide
4MP1: 4-methyl-1-pentene

Examples of Third Aspect of the Present Invention

Example 20

Preparation of Catalyst Solution

A glass flask sufliciently purged with nitrogen was
charged with 0.5 umol 1sopropyl(3-t-butyl- S-methylcyclo-
pentadienyl )(3,6-di-t-butylfluorenyl)zirconium dichloride

and then 0.25 mmol (in terms of Al atom) of a solution of
MMAQO manufactured by Tosoh Finechem Co. (product

name MMAO-3A) in hexane as a promoter to prepare a
catalyst solution.
Polymerization

A glass autoclave having an internal volume of one liter
equipped with a stirrer and sufhiciently purged with mitrogen
was charged with 400 ml of decane and 100 ml of 4-methyl-

1-pentene and was left to stand at 30° C. for 10 minutes
while hydrogen (six liter/h) was passed through the auto-
clave. 0.25 mmol triisobutylaluminum and then the catalyst
solution prepared as described above were added to the
autoclave to mitiate polymerization. After the polymeriza-
tion was performed at atmospheric pressure and 30° C. for
one hour while hydrogen (six liter/h) was continuously
supplied, a small amount of methanol was added to termi-
nate the polymenzation. The polymer solution was poured
into four liter of a methanol/acetone mixture (volume ratio
4/1), and the polymer was recovered by filtration. The
polymer was dried at 80° C. under reduced pressure for 10

hours, vielding 15.5 g of the polymer. The polymer had an
intrinsic viscosity [1] of 0.08 dl/g and Mw=9040, Mn=4630,

and Mw/Mn=1.94, as determined by GPC. The percentage
A (% by mass) of a component having a polystyrene
equivalent molecular weight of 1000 or less 1n the polymer
was 1.37, and the number of terminal double bonds was
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08

97
7.1
PP*1 PE*2 amide™3
1 1 0.15
v v9 y10
4.5 3.1 0.2
8.8 0.6 8.5
76 75 74
8.2 14.3 7.5
91.9 88.4 91.5

0.1/1000 carbon atoms. The mold releasability and the
blocking resistance of the resulting 4-methyl-1-pentene
polymer were evaluated.

Mold releasability for polypropylene: Excellent

Mold Releasability for Polyamide: Excellent

Blocking resistance: Excellent

Example 21

Preparation of Catalyst Solution

A glass flask sufliciently purged with nitrogen was
charged with 1 umol 1sopropyl(3-t-butyl-3-methylcyclopen-
tadienyl)(3,6-di-t-butylfluorenyl)zirconium dichloride and
then 0.5 mmol (in terms of Al atom) of a solution of MMAO
manufactured by Tosoh Finechem Co. (product name
MMAQO-3A) 1n hexane as a promoter to prepare a catalyst
solution.
Polymerization

A glass autoclave having an internal volume of one liter
equipped with a stirrer and sufliciently purged with nitrogen
was charged with 567 ml of decane, 180 ml of 4-methyl-1-
pentene, and 3 ml of 1-decene and was left to stand at 30°
C. for 10 minutes while hydrogen (six liter/h) was passed
through the autoclave. 0.375 mmol triisobutylaluminum and
then the catalyst solution prepared as described above were
added to the autoclave to initiate polymerization. After the
polymerization was performed at atmospheric pressure and
30° C. for one hour while hydrogen (six liter/h) was con-
tinuously supplied, a small amount of methanol was added
to terminate the polymerization. The polymer solution was
poured into four liter of a methanol/acetone mixture (volume
ratio 4/1), and the polymer was recovered by filtration. The
polymer was dried at 80° C. under reduced pressure for 10
hours, yielding 36.4 g of the polymer. The polymer had an
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intrinsic  viscosity [n] of 0.11 dl/g and Mw=12000,
Mn=5740, and Mw/Mn=2.09, as determined by GPC. The

percentage A (% by mass) ol a component having a poly-
styrene equivalent molecular weight of 1000 or less 1n the
polymer was 1.16, and the number of terminal double bonds
was 0.1/1000 carbon atoms. The mold releasability and the
blocking resistance of the resulting 4-methyl-1-pentene
polymer were evaluated.

Mold releasability for polypropylene: Excellent

Mold Releasability for Polyamide: Excellent

Blocking resistance: Excellent

Example 22

Preparation of Catalyst Solution

A glass flask sufliciently purged with nitrogen was
charged with 1 umol 1sopropyl(3-t-butyl-5-methylcyclopen-
tadienyl)(3,6-di-t-butylfluorenyl)zirconium dichlornide and
then 0.5 mmol (in terms of Al atom) of a solution of MMAO
manufactured by Tosoh Finechem Co. (product name
MMAQO-3A) in hexane as a promoter to prepare a catalyst
solution.
Polymerization

A glass autoclave having an internal volume of one liter
equipped with a stirrer and sufhiciently purged with mitrogen
was charged with 561 ml of decane, 180 ml of 4-methyl-1-
pentene, and Dialen D168 (registered trademark), which 1s
a mixture of high-purity hexadecene and octadecene, manu-
tactured by Mitsubishi Chemical Co. (9 ml) and was leit to
stand at 30° C. for 10 minutes while hydrogen (six liter/h)
was passed through the autoclave. 0.375 mmol triisobutyl-
aluminum and then the catalyst solution prepared as
described above were added to the autoclave to inmitiate
polymerization. After the polymerization was performed at
atmospheric pressure and 30° C. for one hour while hydro-
gen (si1x liter/h) was continuously supplied, a small amount
of methanol was added to terminate the polymerization. The
polymer solution was poured into four liter of a methanol/
acetone mixture (volume ratio 4/1), and the polymer was
recovered by filtration. The polymer was dried at 80° C.
under reduced pressure for 10 hours, yielding 37.6 g of the
polymer. The polymer had an intrinsic viscosity [1] of 0.13
dl/g and Mw=15900, Mn=4010, and Mw/Mn=3.97, as deter-
mined by GPC. The percentage A (% by mass) of a com-
ponent having a polystyrene equivalent molecular weight of
1000 or less 1n the polymer was 2.86, and the number of
terminal double bonds was 0.2/1000 carbon atoms. The
mold releasability and the blocking resistance of the result-
ing 4-methyl-1-pentene polymer were evaluated.

Mold releasability for polypropylene: Excellent

Mold Releasability for Polyamide: Excellent

Blocking resistance: Excellent

Reference Example 5

A 500 ml side-arm flask was charged with 150 g of a
4-methyl-1-pentene polymer (DX820 manufactured by Mit-
su1 Chemicals, Inc.) and was heated to 360° C. on a sand
bath while nitrogen was passed through the flask. After the
polymer on the wall of the flask was melted, the temperature
was held at this temperature for two hours while stirring to
thermally decompose the 4-methyl-1-pentene polymer.
Cooling to normal temperature yielded a pyrolysate of the

4-methyl-1-pentene polymer. The pyrolysate had an intrinsic
viscosity [n] of 0.17 dl/g and Mw=21700, Mn=4840, and
Mw/Mn=4.48, as determined by GPC. The percentage A (%

by mass) of a component having a polystyrene equivalent
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molecular weight of 1000 or less 1n the polymer was 3.94,
and the number of terminal double bonds was 3.6/1000

carbon atoms. The mold releasability and the blocking
resistance of the resulting 4-methyl-1-pentene polymer were
evaluated.

Mold releasability for polypropylene: Fair

Mold Releasability for Polyamide: Fair

Blocking resistance: Fair

Reference Example 6

A pyrolysate was prepared in the same manner as 1n
Retference Example 5 except that the thermal decomposition

temperature was 375° C. The pyrolysate had an intrinsic
viscosity [n] of 0.08 dl/g and Mw=7160, Mn=1860, and

Mw/Mn=3.83, as determined by GPC. The percentage A (%
by mass) of a component having a polystyrene equivalent

molecular weight of 1000 or less in the polymer was 13.35,
and the number of terminal double bonds was 8.2/1000

carbon atoms. The mold releasability and the blocking

resistance of the resulting 4-methyl-1-pentene polymer were
evaluated.

Mold releasability for polypropylene: Fair

Mold Releasability for Polyvamide: Fair

Blocking resistance: Fair

Reference Example 7

A pyrolysate was prepared in the same manner as 1n
Retference Example 5 except that the 4-methyl-1-pentene
polymer was DX310 manufactured by Mitsui Chemicals,
Inc. The pyrolysate had an intrinsic viscosity [n] of 0.1 dl/g
and Mw=10200, Mn=2440, and Mw/Mn=4.18, as deter-
mined by GPC. The percentage A (% by mass) of a com-
ponent having a polystyrene equivalent molecular weight of
1000 or less 1n the polymer was 8.34, and the number of
terminal double bonds was 5.7/1000 carbon atoms. The
mold releasability and the blocking resistance of the result-
ing 4-methyl-1-pentene polymer were evaluated.

Mold releasability for polypropylene: Fair

Mold Releasability for Polyamide: Fair

Blocking resistance: Fair

Reference Example 8

A pyrolysate was prepared i1n the same manner as in
Retference Example 7 except that the thermal decomposition
temperature was 3735° C. The pyrolysate had an 1ntrinsic
viscosity [n] of 0.05 dl/g and Mw=3740, Mn=1130, and
Mw/Mn=3.31, as determined by GPC. The percentage A (%
by mass) of a component having a polystyrene equivalent
molecular weight of 1000 or less in the polymer was 24.15,
and the number of terminal double bonds was 11.1/1000
carbon atoms. The mold releasability and the blocking
resistance of the resulting 4-methyl-1-pentene polymer were
evaluated.

Mold releasability for polypropylene: Fair

Mold Releasability for Polyamide: Fair
Blocking resistance: Fair

Retference Examples 5 to 8 were reference examples with
respect to the first aspect of the present imvention.
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Properties of 4-methvl-1-pentene polvmers

Example Example Example
20 21 22

Composition 4-methyl-1- 100 96.9 93.5
of 4- pentene
methyl-1- (wt %)
pentene Olefin Type decene Dialen*
polymer (wt %) 3.1 6.5
Physical Intrinsic dl/g 0.08 0.11 0.13
properties viscosity
of 4- Mw/Mn 1.94 2.09 3.97
methyl-1- 0.2 x [n]©H> 8.52 5.48 427
pentene A value 1.37 1.16 2.86
polymer (molecular

welght of

1000 or

less)

Number of /1000 0.1 0.1 0.2

terminal carbon

double atoms

bonds
Notes *1 *1 *1

*Dialen D168: a mixture of hexadecene and octadecene
*1: Synthesis with metallocene catalyst
*2: Pyrolysate

Synthesis Example 9

Synthesis ol 4-Methyl-1-Pentene Polymer (7-b)

A 4-methyl-1-pentene polymer (DX820 manufactured by
Mitsui Chemicals, Inc.) was thermally decomposed with a
continuous thermal decomposition device (a monoaxial
extruder screw diameter: 20 mm¢, L/D=24, volume of
thermal decomposer: 21. 1 mm¢x1769 mm). To be specific,
the polymer was melt-kneaded with the continuous thermal
decomposition device (cylinder temperature: 405° C.; feed
amount: 2.6 kg/hr) while nitrogen was passed through the
device, whereby the polymer was heated at 410° C. There-
alter, cooling to normal temperature yielded a pyrolysate of
the 4-methyl-1-pentene polymer.

Intrinsic viscosity [n]=0.14 dl/g

4-methyl-1-pentene structural unit=95.9 wt %, C10 struc-
tural unit=4.1 wt %

Mw=14900, Mn=3290, Mw/Mn=4.53

Melting point=215° C.

Critical surface tension=25.4 mN/m

Number of terminal double bonds L.=3.6/1000 carbon atoms

Synthesis Example 10

Synthesis of 4-Methyl-1-Pentene Polymer (8-b)

A 4-methyl-1-pentene polymer (DX310 manufactured by
Mitsui Chemicals, Inc.) was thermally decomposed 1n the
same way as the above and yielded a pyrolysate of the
4-methyl-1-pentene polymer.

Intrinsic viscosity [n]=0.15 dl/g

4-methyl-1-pentene structural unit=86.1 wt %, C16 and C18
structural units=13.9 wt %

Mw=18300, Mn=3660, Mw/Mn=4.99

Melting point=208° C.

Critical surface tension=25.1 mN/m

Number of terminal double bonds [.=5.7/1000 carbon atoms

Reference Reference Reference Reference
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example 7 example 8

95.9 92.2 6.1 R1.8
decene decene Dialen® Dialen®
4.1 7.8 13.9 18.2
0.17 0.08 0.1 0.05
4.48 3.85 4.18 3.31
2.85 8.84 6.32 17.89
3.94 13.35 8.34 24.15
3.6 8.2 5.7 11.1
*2 *2 *2 2

Synthesis Example 11

Synthesis of 4-Methyl-1-Pentene Polymer (9-b)

Preparation of Catalyst Solution

A glass flask sufliciently purged with nitrogen was
charged with 1 umol of 1sopropyl(3-t-butyl-5-methylcyclo-
pentadienyl)(3,6-di-t-butylfluorenyl)zirconium  dichloride
and then 0.5 mmol 1n terms of Al atom of a solution of
MMAQO manufactured by Tosoh Finechem Co. (product
name MMAO-3A) in hexane as a promoter to prepare a
catalyst solution.

Polymerization

A glass autoclave having an internal volume of one liter
equipped with a stirrer and sufliciently purged with nitrogen
was charged with 567 ml of decane, 180 ml of 4-methyl-1-
pentene and 3 ml of decene and was left to stand at 30° C.
for 10 minutes while hydrogen (six liter/h) was passed
through the autoclave. 0.375 mmol of triisobutylaluminum
and then the catalyst solution prepared as described above
were added to the autoclave to mitiate polymerization. After
the polymerization was performed at atmospheric pressure
and 30° C. for one hour while hydrogen (six liter’h) was
continuously supplied, a small amount of methanol was
added to terminate the polymerization. The polymer solution
was poured into four liter of a methanol/acetone mixture
(volume ratio 4/1), and the polymer was recovered by
filtration. The polymer was dried at 80° C. under reduced
pressure for 10 hours, yielding 13.1 g of the polymer.

Intrinsic viscosity [n]=0.11 dl/g

4-methyl-1-pentene structural unit=97.5 wt %, C10 struc-
tural unit=2.5 wt %

Mw=12000, Mn=5740, Mw/Mn=2.09

Melting point=208° C.

Critical surface tension=26.3 mN/m

Number of terminal double bonds .=0.2/1000 carbon atoms
A-value=1.16
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Example 23

100 parts by weight of a polyisobutylene resin (Oppanol
B100, manufactured by BASF; the wviscosity average
molecular weight: Mv: 11x10°) and 5 parts by weight of the
4-methyl-1-pentene polymer (7-b) was melt-kneaded at
240° C. for 20 minutes at 60 rpm with a mixer tester (LABO
PLASTOMILL 4C150, manufactured by Toyo Seiki Sei-
saku-sho, Ltd.), yielding a resin composition of a polyisobu-
tylene resin (A)/4-methyl-1-pentene polymer (B).

Example 24

A resin composition was prepared 1n the same manner as
in Example 23 except that the 4-methyl-1-pentene polymer
(7-b) was added 1n an amount of 10 parts by weight.

Example 25

A resin composition was prepared in the same manner as
in Example 23 except that the 4-methyl-1-pentene polymer

(8-b) was added instead of the 4-methyl-1-pentene polymer
(7-b).

Example 26

A resin composition was prepared in the same manner as
in Example 1 except that the 4-methyl-1-pentene polymer
(9-b) was added instead of the 4-methyl-1-pentene polymer

(7-b).

Example 27

100 parts by weight of a butyl rubber resin (JSR Butyl
268, manufactured by ISR Corporation; the Mooney vis-
cosity: ML, _ o (125° C.): 51) and 0.5 part by weight of the
4-methyl-1-pentene polymer (8-b) were melt-kneaded at
220° C. for 20 minutes at 60 rpm with a mixer tester (LABO

PLASTOMILL 4C150, manufactured by Toyo Seiki Sei-
saku-sho, Ltd.), vielding a resin composition of a butyl
rubber resin (A)'/4-methyl-1-pentene polymer (B).

Example 28

A resin composition was prepared in the same manner as
in Example 27 except that the 4-methyl-1-pentene polymer
(8-b) was added 1n an amount of 1.0 part by weight.

Example 29

A resin composition was prepared in the same manner as
in Example 27 except that the 4-methyl-1-pentene polymer
(8-b) was added 1n an amount of 3.0 parts by weight.

Example 30

A resin composition was prepared in the same manner as
in Example 27 except that the 4-methyl-1-pentene polymer
(8-b) was added 1n an amount of 5.0 parts by weight.

Properties of the resin compositions obtained in Examples
23 to 30 were evaluated or measured i1n the following
manner. The results thereot are shown in Table 7 and Table
8.
| Maximum Torque]

The maximum torque that was applied to a kneading

tester (LABO PLASTOMILL 4C150, manufactured by
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Toyo Seiki Seisaku-sho, Ltd.) when the above resin com-
position was kneaded at 240° C. for 20 minutes at 60 rpm
was obtained.

[Mold Releasability]

The releasability of the kneaded resin composition from
the mold of the kneading tester were evaluated under the
following criteria.

Easy: releasing from the mold 1s easy, with no resin residue
in the mold or screw.

Diflicult: releasing from the mold 1s difficult, with the resin
composition being like starch syrup or resin residue present
in the mold or screw.

|Blocking Tendency]

The blocking tendency of the kneaded resin composition
was evaluated under the following critena.

O: masses were less blocked and separation is easy

X: masses were considerably blocked and separation 1s
difficult

|Compatibility]

As preliminary treatment, the kneaded resin composition
was trimmed and subjected to RuO, dyeing, and an ultra-
thin section was prepared. Then, the ultra-thin section was
reinforced with carbon. The preliminarily treated sample
was observed with a transmission electron microscope
(H-7650, manufactured by Hitachi High-Technologies Cor-
poration) to see the dispersion state of the 4-methyl-1-
pentene polymer present in the range of 30 umx30 um.

@: all of the dispersions observed have a dispersed particle
diameter (the length of a long axis in the case of a flat shape)
of less than 1 um.

O: there are dispersions having a dispersed particle diam-
cter (the length of a long axis 1n the case of a flat shape) of
not less than 1 um and less than 3 um.

A: there are dispersions having a dispersed particle diameter
(the length of a long axis in the case of a flat shape) of not
less than 3 um and less than 7 pm.

x: there are dispersions having a dispersed particle diameter
(the length of a long axis in the case of a flat shape) of not
less than 7 um.

| [ransparency|

The transparency, an indicator of the compatibility, of the
kneaded resin composition was visually observed and evalu-
ated 1n the following criteria.

O: transparent and uniform
X: opaque and clouded
[Discoloration]

The discoloration of the kneaded resin composition was
visually observed and evaluated under the following criteria.

(O: there is less discoloration due to heat and close to
achroma

X: there 1s discoloration due to heat and brown color 1s
developed.

[Peak Molecular Weight]

As the molecular weight of the compositions before and
alter kneaded, the peak molecular weights 1n terms of
monodispersed polystyrene were obtained with the same
chromatogram as the chromatogram used 1n the measure-
ment of the molecular weight and molecular weight distri-
bution of the 4-methyl-1-pentene polymer.
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TABLE 7
Example 23 Example 24 Example 25
Additive 4-methyl-1- 4-methyl-1- 4-methyl-1-
pentene pentene pentene
polymer (7-b) polymer (7-b) polymer (8-b)
Amount added 5 parts by 10 parts by 5 parts by
welght welght welght
Mold Releasability Easy Easy Easy
Blocking after O O O
kneading
Compatibility O O Not measured
(Microscope
Observation)
Transparency O O O
Discoloration O O O
Peak Molecular Weight 1,068,000 1,068,000 1,068,000
before kneading
(GPC in terms of PS)
Peak Molecular Weight 1,132,000 1,041,000 1,049,000
after kneading
(GPC 1n terms of PS)
TABLE 8
Example 27 Example 28 Example 29
Wax 4-methyl-1- 4-methyl-1- 4-methyl-1-
pentene pentene pentene
polymer (8-b) polymer (8-b) polymer (8-b)
Amount added 0.5 part by 1.0 part by 3.0 parts by
welght welght welght
Maximum Torque (N - m) 27 26 22
Mold Releasability Difficult Difhcult Slightly
Difficult
Blocking after kneading XX XX X
Transparency O O O
Discoloration X X O
Peak Molecular Weight — — —
before kneading
(GPC 1n terms of PS)
Peak Molecular Weight - - 259,000

after kneading
(GPC in terms of PS)

Comparative Example 18

A resin composition was prepared 1n the same manner as
in Example 23 except that the 4-methyl-1-pentene polymer
(7-b) was not added. The viscosity after the resin was
kneaded was significantly lowered and discoloration due to
heat was observed.

Comparative Example 19

A resin composition was prepared 1n the same manner as
in Example 23 except that a polyethylene wax (Mitsui
HiWax 200P, manufactured by Mitsui Chemicals, Inc.) was
added instead of the 4-methyl-1-pentene polymer (7-b). The
viscosity alter the resin was kneaded was significantly
lowered and the transparency of the resin was lost.

Comparative Example 20

A resin composition was prepared 1n the same manner as
in Example 23 except that an aliphatic acid wax (a montanic
acid ester, Licowax E (Claniant (Japan) K.K.)) was added
instead of the 4-methyl-1-pentene polymer (7-b). The vis-
cosity after the resin was kneaded was significantly lowered
and significant discoloration due to heat was observed.
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Example 26

4-methyl-1-

pentene

polymer (9-b)

Not measured

O
O
1,068,000

758,000

Example 30

4-methyl-1-
pentene
polymer (¥-b)

Comparative Example 21

A resin composition was prepared in the same manner as
in Example 27 except that the 4-methyl-1-pentene polymer
(8-b) was not added. The viscosity after the resin was
kneaded was significantly lowered and discoloration due to
heat was observed. Text corrected per Source on tifs 25 &
64. Thank you : yr omparative Example 22

A resin composition was prepared in the same manner as
in Example 27 except that a polymer of 4-methyl-1-pentene
(Mitsu1 TPX DX310 (Mitsu1 Chemicals, Inc.), [n]: 1.5) was
added instead of the 4-methyl-1-pentene polymer (8-b).

The properties of the resin compositions obtained 1n
Comparative Examples 18 to 22 were evaluated or measured
in the same manner as 1n Examples. The results thereof are

shown 1n Table 9 and Table 10.

TABLE 9
Comparative  Comparative  Comparative
Example 18  Example 19  Example 20
Additive None (blank) PE wax Aliphatic
(Ziegler) acid wax
Amount added — 5 parts by 5 parts by
weight weight
Mold Releasability Difficult Difficult Difhicult
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TABLE 9-continued
Comparative  Comparative  Comparative
Example 18  Example 19  Example 20
Blocking after kneading XX XX
Compatibility Dispersions A
(Microscope Observation) were not
observed
Transparency O X
Discoloration X XX
Peak Molecular Weight 1,068,000 1,068,000 1,068,000
before kneading
(GPC 1n terms of PS)
Peak Molecular Weight 229,000 203,000 155,000
after kneading
(GPC 1n terms of PS)
TABLE 10
Comparative Comparative
Example 21 Example 22

Wax

Amount added

None (blank)

US 9,657,117 B2

4-methyl-1-pentene
polymer (Polymer)
3 parts by weight

Maximum Torque (N - m) 29 32
Mold Releasability Difficult Diflicult
Blocking after kneading XX XX
Transparency O X
Discoloration X X
Peak Molecular Weight before 449,000 -
kneading (GPC in terms of PS)

Peak Molecular Weight after 161,000 180,000

kneading (GPC in terms of PS)

As shown 1n Table 7, the polyisobutylene resin containing
4-methyl-1-pentene polymer achieved good releasability
from a mold and imhibited blocking, and moreover, good
compatibility and thus high transparency. It 1s also found
that 1n Examples 23 to 25, the decomposition of the poly-
1sobutylene resin was almost inhibited. As shown 1n Table 8,
the same can be said with regard to the butyl rubber
contaiming 4-methyl-1-pentene polymer, too.

On the other hand, as shown in Table 9, the mold
releasability was not improved and the blocking was
observed when the polyisobutylene rubber did not contain
an additive in Comparative Example 18, contained a poly-
cthylene wax in Comparative Example 19, and contained an
aliphatic acid wax 1n Comparative Example 20. It 1s also
found that the polyisobutylene resin was thermally decom-
posed and discolored. As shown 1n Table 10, the same can
be said with regard to the butyl rubber, too.

The 1nvention claimed 1s:

1. A formed product containing a 4-methyl-1-pentene
polymer, comprising 0.01 to 10 parts by mass of a 4-methyl-
1-pentene polymer (B-1) per 100 parts by mass of a pro-
pylene resin composition (X),

wherein:

the 4-methyl-1-pentene polymer (B-1) has

(B1) an intrinsic viscosity [n] of 0.01 or more but less

than 0.50 dl/g measured at 135° C. 1n a decalin solvent,
and

(B4) a melting point (I'm) in the range of 120° C. to 245°

C. as measured with a differential scannming calorimeter,
and

the propylene resin composition (X) contains 60 to 100

parts by weight of a propylene polymer (A-1) and 0 to
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40 parts by weight of a propylene polymer (A-2) (the
total of the (A-1) component and the (A-2) component
1s 100 parts by weight),

the propylene polymer (A-1) has

(A-1-1) a Shore A hardness 1n the range of 20 to 94,

(A-1-2) a constitutional unit derived from propylene in

the range of 51% to 100% by mole, and

(A-1-3) a melting point less than 100° C. or no melting

point as measured by DSC, and

the propvlene polymer (A-2) has

(A-2-1) a melting point of 100° C. or more but less than

175° C. as measured by DSC.

2. The formed product according to claim 1, wherein the
resin composition containing a 4-methyl-1-pentene polymer
experienced a shear and/or uniaxial, biaxial, or planar elon-
gational flow 1n a molten state.

3. A film comprising a formed product according to claim
2.

4. A multilayer film, comprising a film according to claim
3, and an adhesive layer.

5. A formed product containing a 4-methyl-1-pentene
polymer, comprising 0.01 to 100 parts by mass of a
4-methyl-1-pentene polymer (B-2) per 100 parts by mass of
a propvlene resin composition (X),

wherein the 4-methyl-1-pentene polymer (B-2) has

(B11) an intrinsic viscosity [n] of 0.01 or more but less

than 3.0 dl/g measured at 135° C. 1n a decalin solvent,

and

(B6) satisfies the relationship expressed by the following
formula (I):
A=0.2=[n]> ()

wherein A denotes the percentage (% by mass) of a
component having a polystyrene equivalent molecular
weight of 1,000 or less in the 4-methyl-1-pentene
polymer as measured by gel permeation chromatogra-
phy (GPC), and [n] denotes the 1ntrinsic viscosity (dl/g)
of the 4-methyl-1-pentene polymer measured in a deca-
lin solvent at 135° C. and

(B4) a melting point (ITm) 1n the range of 120° C. to 245°
C. as measured with a differential scanning calorimeter,
and

the propylene resin composition (X) contains 60 to 100
parts by weight of a propylene polymer (A-1) and O to
40 parts by weight of a propylene polymer (A-2) (the
total of the (A-1) component and the (A-2) component
1s 100 parts by weight),

the propylene polymer (A-1) has

(A-1-1) a Shore A hardness 1n the range of 20 to 94,

(A-1-2) a constitutional unit derived from propylene in
the range of 51% to 100% by mole, and

(A-1-3) a melting point less than 100° C. or no melting
point as measured by DSC, and

the propvlene polymer (A-2) has

(A-2-1) a melting point of 100° C. or more but less than
175° C. as measured by DSC.

6. The formed product according to claim 5, wherein the
resin composition containing a 4-methyl-1-pentene polymer
experienced a shear and/or uniaxial, biaxial, or planar elon-
gational tlow 1n a molten state.

7. A film comprising a formed product according to claim
6.

8. A multilayer film, comprising a film according to claim
7, and an adhesive layer.
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